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ABSTRACT

After the devastating flood of 1987 and 1988, Government of
Bangladesh decided to build a protection works around Dhaka City
along with the surrounding rivers. Every development works needs a
feasibility study to assess its impact so that preventive
corrections can be made. But due to the degree of damages in 1987
and 1988, an urgency of need has been arisen and "Greater Dhaka
City Flood Protection Works" (GDCFPW) started' without any
feasibility study. Now, along with many positive impacts, some
negative impacts have been arisen which may offset the project
itself. Hence, impact of GDCFPW on environment has been critically
reviewed with specific reference to domestic waste disposal system.

There are two types of domestic waste, namely liquid waste and
solid waste. Some portion of liquid waste are handled by DWASA
piped sewer line, which has little impact on GDCFPW unless overflow
from manholes occurs due to faulty construction and maintenance
negligence. But, major portion of liquid waste are not taken care
by DWASA. This portion arises mainly from slum areas where proper
sanitary system is not provided. These raw sewage directly mix with
surface wash and eventually finds their ways to canal system.
Moreover, leachate from solid waste deposited along road side also
mix with canal water thereby increasing the pollution load of canal
water to an alarming stage. Prior to construction of GDCFPW, these
surface wash reach to the nearby river from many points. Now, after
the construction of GDCFPW, all runoff route have been cut off.
Subsequently, five lagoons are allowed to form, from which water
will be pumped into the river in wet seasons or will be allowed to
go to the river through sluice gates in dry seasons. The highly
polluted canal water which contains raw sewage, leachate,
industrial waste and agricultural residue will agglomerate into
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lagoons or other low lying areas. This will create public health
hazard. It will require a day or two for the lagoon water to move
into the river, by this time ground water may pollute. Further,
water is coming to the river through some specific points, which
may reduce the self assimilatory capacity of the river system.

Besides public health, surface and ground water pollution, the
project will hamper fisheries, city drainage and sewerage system,
road and canal traffic. Since the project provides a flood free
zone, rapid in-migration of poor people will be enhanced. This will
make the problems worse.

With proper steps to overcome or minimize problems, GDCFPW may
become a very beneficiary project. It will protect the capital city
of 265 sq. km. from flood water, saving Tk. 250 million per year
and ensuring 4.8 million people a flood free life, Moreover, it
will help city development, road communication improvement and
agricultural activity increasement.
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CHAPTER 1
INTR.ODUCTION

1.1 Background

Although, Bangladesh is subjected to perpetual floods every year,
she suffered two of the most serious and devastating floods on
record in 1987 and 1988. Vast areas of the country, including the
capital city of Dhaka with a population of about 4.8.million people
(JICA,199l) were flooded to an unprecedented degree with flood
levels 1.5 meter (5 feet) higher than normal for periods of up to
four weeks. In Dhaka city, it is estimated that about 200 sq. km,
i.e. 77% of the total area of 265 sq.km were submerged to depths
ranging between 0.3 m to over 4.5 m (1 ft to 15 ft) (JICA, 1990)
and that about 2.5 million people i.e. 60% of the city population,
were directly affected by these floods. City life was totally
disrupted during this period, causing enormous suffering of
dwellers. Conservative estimate of the floods suggest that loss due
to annual flood is about Tk. 250 million, and the damage due to a
10 year flood and a 40 year flood (same on 1988 flood) are Tk. 530
million and TK. 750 million respectively. (Source:Dhaka Flood
Protection project briefing, office of Ex. Engg., Dhaka O&M,
Div-II, BWDB). It may be noted that, the climatic condition of the
area is tropical monsoon type. Average rainfall is 2000 mm, 90% of
which occurs during May to october. Average temperature varies from
20°C in Dec.-Jan. to about 30°C in April-Sept. Monthly evaporation
varies from 80 mm in Nov. to 130 mm in August.

In the wake of these floods, the Government of Bangladesh (GOB)
established National Flood Protection Committee, in October 1988.
At the neighboring time, the Government embarked on a crash program
for construction of the Dhaka Flood Protection Project (DFPP)
comprising a system of dikes and walls (in area which are too built
up to permit dikes) around Greater Dhaka city in order to prevent
possible recurrence of this type of disaster. A special
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organization, called the Committee for Flood Control and Drainage
of Greater Dhaka (CFCDGD), with the primary objective of preparing
a flood control plan for the Greater Dhaka city was also
established. CFCDGD works are based primarily on the 1987 JICA
study on storm drainage system improvements for Dhaka city and 1988
"Jansen Report" on causes of the 1988 flood and recommended
solutions. In January 1989 the committee submitted a detailed
scheme for phased flood protection and drainage for Dhaka, Tongi,
Narayangonj and Savar which was approved by the Government in March
1989. (Fig. 1.1)

In view of the high priority assigned to the Dhaka protection
scheme, the Government immediately initiated the Phase I of the
recommended works on emergency basis using their own resources.
This works includes construction of about 29 km of embankment and
5 km of flood protection wall along the westerly perimeter of the
city, complimented by about 2 km of new roads, 8.5 km of road
raising, pipe sluices, clearing and repair of internal drainage
khals and sewerage system. This works designed to provide
protection to about 137 sq.km in the highly urbanized westerly part
of the city. Additional works taken up at the same time includes
construction of a flood protection bund embankment around Zia
International Airport and 30 km of flood protection wall around
Dhaka-Narayanganj-Demra zone to the south of the city. All the
program was a co-ordinated effort involving Bangladesh Water
Development Board (BWDB), Dhaka City Corporation (DCC), Dhaka Water
and sewage Authority (DWASA), Rajdhani Unnaon Kartipokho (RAJUK,
City Development Authority), Civil Aviation Authority of Bangladesh
(CAAB) and Bangladesh Army.

The catastrophic flood disaster in Bangladesh in 1987 and 1988 led
to formation of a unique "global program" for assisting Bangladesh
in management of its national flood control problem, involving
participation by many international assistance agencies with the
World Bank in the co-ordinating role. Hence, a Flood Action Plan

2
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FAP9, which is
Agency (IDA) for

supplement and

(FAP) was formulated under the coordination of the World Bank in
November, 1989. Following an initial conference held in London in
December, 1989, a second meeting was held at Dhaka on
January/February 1990 for the purpose of delineating FAP. The
overall FAP, totaling an estimated $ 10 billion (TK. 400 billion),
includes a total of 11 components and 15 supporting activities to
be taken up over a five year period as a long term plan of physical
works and improved preparedness and management of floods.

Of the many components included in FAP, several have direct
relationship to DFPP as follows:

a) "Dhaka Town Protection Project", FAP8, which is a $ 3 million
study project to be financed by Japan International cooperation
Agency (JICA) and Asian Development Bank (ADB), which includes
comprehensive master planning for flood protection and drainage of
Greater Dhaka City (GDC).

b) "Dhaka Integrated Flood protection project",
sponsored by ADB and International Development
regional environmental planning in GDC, to
complement FAP8.

c) "Environmental Study", FAP16, a project sponsored by USAID for
training in Environmental Impact Assessment (EIA) and applications.

FAP8 is a two part co-ordinated action plan which includes:

i) FAP-8A JICA Master Plan Study for Dhaka, Tongi, Savar,
Keraniganj and Narayanganj, which has the objective of developing
Master Drainage and Flood Control Plan for Greater Dhaka of 850
sq.km, identifying priority projects within this area, and
preparing feasibility studies for selected components.

ii) FAP-8B, ADB Dhaka Integrated Flood Protection Project (DIFPP)
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which has the objective of identifying, drainage, flood protection
and complementary environmental improvement projects, and preparing
feasibility studies for the immediate investment needs in the
Greater Dhaka area of 265 sq.km. (included in the FAP 8A larger
study area).

1.2 Statement of the Problem

The concept of Greater Dhaka City Flood Protection .Works (GDCFPW)
appears to be sound in providing protection to the country's
capital city, provided that the system is properly designed,
constructed, operated and maintained. In general engineering
practice, a "feasibility study" (FS) is carried out prior to final
design and construction, which (i) elaborates the actual
constraints existed in design, construction, operation and
maintenance, (ii) includes a cost/benefit analysis which clearly
shows the need for the project in terms of local and national
economics and (iii) also includes an EIA which ensures that the
project is environmentally sound as well as sound from economic,
institutional and engineering point of view.

After the 1988 Flood's devastating experience, Government ordered
to proceed rapidly with the implementation of GDCFPW. Because of
the urgency of the situation, FS was not made. Thereafter, the
problem which can be identified and solved if FS would made, came
forward with critical form. Apparently there was insufficient
understanding of the magnitude and complexity of this job. As a
result, numerous problems are arising. Now, we have to solve these
problems whatever big and complicated they are. Eventually, we have
to satisfy with some of the problems unsolved.

After the construction of GDCFPW, all natural runoff route towards
the river will be cut off. Leachate from solid waste, surface wash,
sewage from vast unsanitary area, overflow from sewer line,
industrial and agricultural waste generating within the city area

5



will concentrate on some lagoons and ponds within the embankment
area. It will take a day or two to discharge these storage water to
the river through sluices and pumps. This will create wide spread
surface water and ground water pollution. Use of stagnant water by
slum dwellers and use of shallow tube wells by adjacent resident
will pose a serious health hazard. Usually, ground water pollution
is irreversible and it is an important source for Dhaka water
supply. Again, before the GDCFPW, these polluted water go to the
river from many points. Hence, river can utiiize its self
assimilatory capacity to restore the environment. But now, all
these polluted load is coming to the river through some specific
points. These pollution load certainly cross the nature's self
purification capacity. As a result, valuable river water resources
will also deteriorate and its impact on environment is very wide.

In this study, these highly critical and important impact of
Greater Dhaka city Flood Protection Works on Environment are
analyzed with specific reference to domestic waste disposal system.

1.3 Objective of the Study

To identify the different
needs a combine afford
collection, experiment and

impacts of GDCFPW on environment, it
including literature review, data
finally analysis.

Literature review is very integral part of this study. To
understand the existing condition of city services and the project
itself, the reports and papers relating the project itself and
other related aspects are also reviewed. This study also required
extensive data collection from various organizations. Beside this,
first hand field visit, interview, house to house survey by the
author are also performed. Some laboratory experiments with result
analysis is also carried out. Finally, the impacts are critically
established with proper recommendation.
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the this study are :
the structures of

The specific objective of
1. Critical review of
identification of problems and faults and

the GDCFPW with
then providing

liquid waste, solid waste,
and storm sewage with

suggestions to overcome them.
2. Present disposal methods of domestic
non point source domestic waste
identification of problems and needs.
3. Assessment of impacts on other environmental aspects with base
line environmental study.
4. Quantitative and qualitative analysis of various domestic waste.
5. Assessment of impacts on domestic waste disposal system with
impact on the water bodies within the project area.
6. Recommendations to overcome the adverse impact of the project on
domestic waste disposal and environment.

1.4 Organization of the Study

Chapter 1 is the introduction included with a background of the
project so that one can easily visualize the importance of the
study.

Chapter 2 is the description of the project itself. This will be
unjustified if impacts are discussed without knowing the project
details. Here the planning, construction and present operation of
dike and wall system are discussed along with all other features of
the project including sluice gates and pumping stations.

Chapter 3 is a very important chapter of this study focusing on the
impact of the project on domestic waste disposal system. The
existing situation and impact of the sewerage system, solid waste
management, non point source domestic waste and storm sewage are
discussed here. Problems of each systems are then provided.
Finally, impact of the project on domestic waste disposal are
analyzed.
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Chapter 4 is an supplementary chapter of this study. Here a brief
review is made on the impacts of GDCFPW on aspects other than
domestic waste disposal system. This is a demanding necessity to
examine the impacts on industrial and agricultural waste disposal
as they all along with domestic waste disposal complete the impact
of GDCFPW on environment. Then existing land use management are
reviewed with existing plans, policies, problems and needs. GDCFPW
will impose impacts on environment and due to this, the land use
pattern will change. This aspect is analyzed in this chapter. At
the later half of this chapter various positive and negative
impacts of Greater Dhaka City Flood Protection works are thoroughly
reviewed. Finally some outline of recommendations are also
provided.

Chapter 5
undertaken
laboratory

provides a discussion on
for the study. Here various
test programs are reviewed.

laboratory test program
assessment techniques and

Chapter 6 is the general discussion chapter. It provides the
various tests and survey results. It also includes the quantitative
impact assessment of the project on domestic waste disposal and
environment.

Chapter 7 is the other very important chapter. Here recommendations
are provided to improve the overall efficiency of the project based
on the present study. This chapter also deals with the scope of the
future studies. As this aspect is very critical and very elaborate,
a lot can be done in future with the basis of this present study.
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CHAPTER 2
GREATER DHAKA CITY FLOOD

PROTECTION PROJECT

2.1 Introduction

The greater Dhaka city is surrounded by rivers and khals on all
four sides. Tongi khal and Turag River on the north, Balu and
Sitalakhya rivers on the east, Turag and Buriganga on the west and
Buriganga river on the southern side (Fig 2.1). At the southern
most end, Buriganga meets Dhaleshawari. The combined flow meets
Sitalakhya and then flows southward to join Meghna. The water
levels in the rivers surrounding greater Dhaka are affected not
only by discharges from Padma, Brahmaputra and local rainfall, but
at times also by backwater from Dhaleshawari, Sitalakhya and
Meghna, if these are seriously affected by heavy rainfall in north
eastern part of Bangladesh and high tide in the Bay of Bengal at
the same time.

The central part of the city is adequately high but extensive flood
plains (i.e low laying areas) within greater Dhaka normally
inundated to varying depth for approximately four months a year
during the monsoon season.

There are three groups of major drainage khals in the city as
(1) Digun-Ibrahimpur-Kallayanpur Khal.
(2) Gulshan-Bawai-Begunbari-Dhanmondi khal
(3) Dholai-Kerani-Segunbagicha khal
Kalayanpur khal drains towards Turag and the other two towards
Buriganga.

According to an Dutch expert, probability of occurrence of a
certain flood level did not change over the last 40 years. The risk
for flooding during 1992 will be the same as it was forty years
back meaning that the 1988 flood was one in forty year period

9
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frequency. (CFCDGD,1989)

There are three main causes of flood in Dhaka: heavy rainfall, high
water levels in the surrounding rivers and chocked up natural
drainage system. Normal annual flood situations are created by
moderate to heavy rainfalls from early June to late July and
coincide with high water level in the rivers. This was not the case
during 1988 floods. In that particular year, during the last ten
days of August and the first seven days of September, there was
abnormally heavy and intensive rainfall in the northern part of the
country as well as in the upper catchment areas in the Himalayas.
The ten days rainfall in north east Bangladesh (Meghna catchment
area) reached 800 mm i.e 26.5 feet. The water levels in all the
rivers rose sharply from 20th August onward and the peak discharges
of Ganges and Brahmapatra rivers were reached by 30th August and
2nd September respectively. The flood peaks of both the river
system took place almost at the same time.

Major flooding of Greater Dhaka City (GDC) continued for 18 days
(from 30th August to 16th September). Maximum water level record
are:

a) Tongi- 7.85 m PWD (25.8 ft) (b) Mirpur- 8.35 m PWD (27.4 ft)
c) Demra- 6.96 m PWD (27.7 ft) (d) Mill Barrack- 7.55 PWD (24.9
ft) •

(CFCDGD, 1989)

2.2 Previous Studies and Projects

Plans for flood protection for GDC area have been under study and
consideration for many years, but the extreme flooding which
occurred in 1987 and 1988 brought into focus, the urgent need to
proceed with immediate action.

The first full scale study on flood protection and internal
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drainage at Dhaka city known "The Snell Report" was published in
1968 and a plan was prepared covering 75 sq. km area with an
embankment around the city alongwith pumps stations and internal
drainage system. However, the plan did not receive final approval.

The second study was carried out by Sir William Halcrow and
Partners in 1970. This scheme was revised after independence of
Bangladesh and new boundaries were conceived in the light of Dhaka
having become capital of a country. This report covering 250 sq.km
was published in 1973 with an estimated east of Tk. 360 crore with
1988 prices.

Although BWDB and DPHE were supposed to implement these proposals,
no fund was however allocated for these projects. In 1976, DPHE
prepared a "Crush program for removing water logging from Dhaka
city" and completed the works in 1980 at a cost of Tk. 6.6 crore.

In 1978, DPHE revised the 1968 Master Plan and prepared a program
for flood control and drainage works at a cost of Tk. 288 crore.
The plan was not approved. During 1980, following the crash
program, another drainage plan namely "Interim Scheme for Removing
Water Logging within Dhaka Metropolitan" was taken up at a cost of
Tk. 19 crore and was completed in 1983. The "Revised Crash Program
for construction of storm water drainage in water logging area of
Dhaka Metropolis" was prepared by DPHE and is now on going under
the management of DWASA.

In 1981, a study on "Dhaka Metropolitan Area Integrated Urban
Development" covering 256 sq.km was completed under ADB-UNDP
assistance. No detailed flood control and drainage plan was
proposed in this study.

In October 1987, JICA submitted a report on drainage system which
is under consideration.

12



After 1988 Flood, many studies were carried out, but it is obvious
that a long term solution of Greater Dhaka flood control and
drainage system is costly and therefore will have to be taken up in
phases. It is also imperative that all the short term actions must
fit in the long-term perspective plan. Construction of flood
protection dam away at larger distance close to the surrounding
rivers would be clearly better option than to go for intermediary
embankments and abandoning them at a later stage. Land acquisition
in already very difficult near Dhaka city and might well be more
difficult in the future.

A Dutch expert (Jansen, 1988) recommended a plan which will cost
Tk. 450 crore for flood protection and additional Tk. 1100 crore
for development of internal drainage system.

In 1988, "Committee for Flood Control and Drainage of Greater
Dhaka" (CFCDGD) was formed which undertook the "Dhaka Integrated
Flood Protection Plan" (DIFPP), Phase-I of which is completed and
this study examines the environment aspects about this project.

2.3 Details of the Scheme

Name - Greater Dhaka Flood Control and Drainage Project.

Location - The project lies between Tongi Khal on the north,
Buriganga river and Dhaka-Demra Highway on the south~ Balu river on
the east and Turag and Buriganga rivers on the west. (Fig.2.1)

Project area - 265 sq.km

13



Table 2.1 Main features of the pro'ect

I Element lIst Phase I 2nd Phase I Total
Embankment 29.91 km 30 km 59.91 km
Flood wall 7.2 km 29.4 km 36.6 km
Sluice 10 Nos. nil 10 Nos.
Pump House nil 5 Nos. 5 Nos.

Organization Involved: Bangladesh Water Development Board (BWDB),
Dhaka City Corporation (DCC), Bangladesh Army, Road & Highways
(R&H) •

Supplementary Features

Road Raising, New Road Construction, Flood Protection Bund around
Zia International Airport, Cleaning of Khals, Repair and
Restoration of sewers.

Organization Involved : Capital Improvement Authority (RAJUK),
Dhaka City Corporation (DCC), Civil Aviation Authority of
Bangladesh (CAAB), Dhaka Water and Sewage Authority (DWASA).

Time Schedule

The project started in 1989 and expected to be completed in 1992.
Phase-I started in March 1989 and supposed to be completed in June,
1990. the 2nd phase started in December 1989 and will end in June
1992.

Work taken up under Phase-I is now nearly, but not all, complete.
All embankments have been constructed and are being maintained. Six
sluices are being, or have been constructed. 4.32 km out of 7.2 km
of flood protection walls have been constructed, and all road-cum
embankment raising has been done. Walls which have not yet been
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started include about 2.88 km of flood protection wall at Mitford
Hospital area, where local residents and business men have
strenuously objected against the proposed wall construction, and
4 sluices in the Kellar Morh area. These components are essential
in order to provide a complete flood protection system for western
Dhaka, the object of Phase-I.

Cost

The estimated cost of the project in its 1st phase is about Tk.
1980 million and in the 2nd phase about Tk. 3500 million.

Benefit

This project will protect properties worth Tk. 250 million every
year, Tk. 530 million once in 10 years and Tk. 750 million once is

30 years, from the ravages of floods (Art.l.l).

Moreover, this will ensure about 7 million people (in 2000) a
flood-free life offering opportunities for happiness and
prosperity. Security against flood will create promises for quicker

development and economic growth.

Specification

Planning standards adopted
of all embankments to a

for this program included construction
crest level of elevation 10.Om PWD

(adequate for a 100 year return period flood with 1.2 m free
board), construction of all Ric walls to 1988 highest flood level
plus 0.6 m and raising of the road-cum-embankment upto the level of
the 1988 flood.(Fig.2.2)
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Sluice gates & Pumping Station

Each gate have 3 pipes of 4 feet diameter at the outside end for
opening or closing as the water level situation would dictate.
These sluices are estimated to be adequate enough to drain out the
rain water from the poldered area until the water level on the
river side reach a predetermined or danger level. Till such time,
as permanent pump stations are built there should be 350 standby
pumps of 2 cusecs each to pump out rain water during heavy shower
inside the polder area when the sluice will not possible to open
due to high river side water level. For five pumping station 350x5
= 1750 pumps are required for a maximum period of one month. These
can be made available from Bangladesh Agricultural Development
Corporation (BADC). This can be seen in Plate 2.1.

On the eastern side of the city the embankment-cum-road from Demra
DND along Balu river to Tongi railway bridge would require a
minimum construction period of 2 to 3 years. Therefore, an interim
plan should be prepared to protect the city from flooding. The
existing Pragati Sarani covers the entire length of road from Joar
Sahara towards South upto Rampura bridge. Railway line from Tongi
upto Pragati Sarani can serve as water barrier. For an immediate
short term minimum solution, certain segments of the present
Pragati Sarani which went under water in 1988 flood should be
raised/walled to prevent water entering from eastern side. It will
also need large number of 2 cusec pumps to be made available for
pumping out rain water.

In proposing this scheme, an important aspect has kept in view,
i.e, the water of normal flood level should be allowed to enter the
low lying areas of the Dhaka City. It would not be prudent to close
greater Dhaka totally from normal flood water. If the huge mass of
water is not allowed its normal flow, it may result in a worse
flooding situation elsewhere and in fact Manikganj, Munshinganj and
Narsingdi areas may be seriously threatened. It may also bring
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Plate 2.1 A view of pump, installed to drain lagoon water into the
river
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unpredictable adverse ecological impact.

2.4 Stability & Status of Flood Protection Works

Phase-I of GDCFPW is now almost completed. But serious problems
have developed in large portions of the works which have already
been completed. Based upon field investigation programs and
various studies carried out by different organization, it has been
found that -
i) the earthen embankment constructed under Phase I is unstable in
many sections.
ii) RIC wall is severely cracked in some areas, erosion has been
occurring beneath the wall and faulty design and construction made
these walls susceptible to failure.
iii) Construction of the embankment through low-lying areas without
providing adequate drainage, has caused internal flooding,
adversely affecting the residents in these localities.

These problems are further discussed below:

A) Embankment Stability

Instability of the existing embankment poses a major threat to
human life in the event of a major flood. Many section of the
existing embankment are subject to failure. If failure occurs
during a high water period, a sudden breach of the levee could
occur, causing a sudden rise in water level within the embankment.

The types of damage that can be occurred along the embankment are
given below: (FAP 8B, 1991)

1) Deep-Seated Failure - This type of failure occurs in areas where
the subgrade soils have low shear strengths, which can happen where
soft, highly plastic clay and silt soils may extend to great
depths. This type of soil occur in areas where the embankment
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intersects or runs along
failure are catastrophic
without forewarning with a
cracks along the crest and

major drainage features. Deep seated
failures which could occur suddenly

few exception where failure preceded by
running parallel to the embankment.

2) Shallow Slope Failure - Based on data obtained from reports of
various consultants, field investigation, observation of on-going
project, it appears that much of these embankment were constructed
wi thout adequate compaction. In areas where the subgrade shear
strength is greater than the embankment shear strength, this type
of failure occurs. These failures are a nuisance, but are not
catastrophic and likely would not cause embankment to be breached.

3) Differential Settlement - Differential Settlement has occurred
in areas where the embankment is underlain by soft materials. Rapid
settlement results in vertical block displacements with cracks
perpendicular to the embankment alignment. These types of failure
usually occur during or shortly after construction hence these are
not catastrophic. The areas where large differential settlement
have occurred have already been repaired.

4) Borrow Pit Induces Failure - In some areas, the borrow pits were
located too close to the toe of either the river or city side of
the embankment. Deep seated failure of the embankment, existing
through the base of the borrow pits, have already occurred in many
places and may occur in future. These failure may occur rapidly,
but are typically preceded by cracks along the crest and running
parallel to the embankment. Borrow pit induced failures could be
catastrophic and could cause the embankment to be breached.

5) Variable Shear Strengths Failure - Two types of failures have
occurred due to variable shear strengths in the subgrade soils (i)
•block and displacement failure' near locations where drainage
features cross perpendicular to the embankment alignment and (ii)
'deep seated failure' in areas where the embankment runs parallel
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to drainage features. The first type of failures mayor may not be
catastrophic, depending on the size and magnitude of the failure.
The 2nd type of failures could be catastrophic and would likely
cause the embankment to be breached.

6) Erosion: In areas where the main channel of the river is
adjacent to the embankment, significant erosion of the embankment
toe has occurred. This erosion at the toe of the embankment has
undermined the slope, causing shallow slope failures .to occur.

7) Vector Damage: In many areas of GDCFPW embankment, rodents and
reptiles damaging the earthen embankments by burrowed into the
embankment, creating a network of holes. These holes can cause
results in two types of problem.

(i) These holes create preferential flow paths through the
embankment, which could lead to piping and embankment failure and

(ii) They create points of weakness on the slope, which may lead
to further slope instability.

8) Cracking: Desiccation cracks have occurred in the embankment
which could create pathways of preferential flow through the
embankment. These crack also become points of weakness in the
embankment which causes instability.

B) R.C. Wall stability

Although R.C. wall seems to be very strong, they can also fail.
Cracking, erosion under the wall and breaches in the wall are
reason of R.C. wall failure. Different types are summarized below:
(FAP 8B, 1991)

1) Cracking - Cracks due to settlement and shrinkage have occurred
in walls. During period of high water flow, these cracks could
jeopardize the integrity of the wall.
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2) Breaching - The wall has been breached at many locations to
facilitate crossing. A careful check must be taken at these
locations to find suitable methods of providing access to the
river.

3) Erosion under the wall - This is a very serious type of problem.
Because it could lead to failure of the entire wall during periods
of high flow.

The required actions are summarized in table 2.2

TABLE 2.2 Required action summary

Action level

( *)

I
S
M

Total

Embankment length

(m)

4700
3050
3150

10,900

Total of Existing
Embankment lack

( % )

16. 1
10.4
10.8

37.3%

Source: FAP 8B, 1991
(*) : Type of action

I - Immediate action is needed to prevent catastrophic failure of
the embankment.
S - Short term action required because the embankment has suffered
significant damage, which could cause it to fail during a period of
very high water.
M - Medium term action is required, because the embankment has
suffered moderate damage, and could become serious maintenance
problems if not remediated.

The status of the embankments as described above is considered to
be extremely critical, and remedial measures will receive highest
priority in proposed future works.
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2.5 Internal Drainage Facility, Problem and Evalua~ion

It has become clear from all the studies and from our experience
that one of the major causes for flooding of Dhaka city has been
the chocking up of its natural drainage system. There are three
groups of major natural canals in Greater Dhaka city area. From
physical inspection, it has been observed that significant portions
of these khals have been chocked by encroachment mostly without
proper sanction, earth filling, deposition of city garbage and by
construction of buildings and roads. If these khals were in their
original size and depth, it can be concluded that the 1988 flood
would probably have been lower in level and shorter in duration.

According to GDCFPW scheme, there are provision to restore these
khals to their original size and depth. Since proper drainage serve
complementary purpose to flood control, no effective flood control
system of Dhaka can be implemented economically without this.

According to the 1987 JICA interim report, major existing drainage
facilities in Dhaka city consist of about 110 km of drainage pipe,
ranging in size from 0.3 m to 3.0 m in diameter, approximately 437
km of khals and a pumping station located in Narinda.

JICA has recommended strictly not to reduce minimum khal area.
Their proposal includes:
a) Cleaning of drainage pipes.
b) Dredging of deposits and removal of garbage from about 30 km
khals.
c) Land use control to maintain regulating ponds and khal areas.

The total cost of this particular project has been estimated at Tk.
261 crore. This should be executed as per the plan and will be an
essential complimentary part of the GDCFPW.

Again, due to construction of Phase I, local drainage problem in
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the area from Satmasjid to Kellar Morh have been arisen. This is
happened because the embankment was constructed without proper
design for drainage. The canal system of Dhaka city is presented in
Fig.2.3.

2.6 Problems and Faults

In this article, problems associated with embankment concept,
embankment routing, its design, construction and maintenance is
discussed. Actually the major problem is concentrated among policy
making, management and planning. Since, the probability of flooding
does not change over couple of decade, there is no reason to
undertake this project in harried manner. To achieve an engineering
and technical success, a project 'must be planned properly and
detailed before implementing. But as in GDCFPW, due to political
and social reason, early action was taken without detailed plan.
Hence there are problem in every aspect including dike and wall
stability. As an example of above view, a major failure
(settlement) of a dike can be pointed out in the Tongi- Shirneer
Tek reach of the river, even in the absence of flooding. (~~.
~~il<::GlF 4~1 ~I~ r-zI 'M~ 1.e. Tongi -Shirneer Tek flood Embankment at
stake". fore page, national daily "Ittefaq" on 29-03-90). It is
known that for a good dike there is a need for "engineering
quality' soils i.e. fill materials of lower plasticity and with
better compaction characteristics than the generally available
silts and clays. But these things are not cared in GDCFPW dike
construction.

Through site visits it has been observed that there are numerous
and large gaps at many places in the wall section. It is supposed
that these gaps will be closed by local peoples with sandbags. But
there are no detailed plan for managing the gap closing operations.
Whether the sandbags can be obtained in appropriate quantities and
at appropriate times, are appeared as a major question. There are,
again, no plan for controlling the placement of sandbags in these
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cut gaps. Moreover, these cut gaps may weaken the stability of
entire wall system.

During site visit, it was also found that, numerous drains have
been running beneath walls. These are also supposed to fill with
sandbags, but no designs have been found for controlling these.

Through meetings with affected persons, it has been learned that
persons located outside of the protected area have much anxiety
fearing that during a high water time they will suffer more than
they would if there were no dams and walls. Even, there have been
threats of cutting dikes during flood time. This is serious enough
to get more attention.

Another problem of concern is the apparent lack of supervision of
dike construction. It is learned from nearby people that little
attention was paid to maintain design specification including (1)
source of materials (2) deposition procedure and (3) compaction
procedure. In other words, even if competent specifications for
dike sections have been prepared, little attention to such
specification were paid.

One can not find the detailed, site specific designs and
construction measures, operation and maintenance plans. It seems,
that much, perhaps most, construction has been carried out on the
basis of schematic sketches and conceptual designs without much
attention to local subsurface condition and local forces produced
by flood waters.

In one study conducted by a consultant [Azam, 1990) the following
points are reported:

1) discrimination was made by the surveyors of the concerned
agencies in fixing the alignment, (2) opinions of the influential
local people dominated the decision for dike selection and
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(published in the
1989) the following

alignment in ways that perhaps served the interests of some people
but caused others to suffer and (3) people have been divided into
rival groups over this GDCFPW issue.

In another study of a group of Engineers
"Engineering News", August - October edition,
observations are found:
a) Since embankment materials carried by boats were dumped along to
river, 30% of the embankment materials were washed away and lost by
river current.
b) Embankment materials used. were not specified earlier in the
design.
c) Compaction measures to be adopted were not indicated in the
design.
d) Foot-compaction, mainly by the women laborers, was used in many
sections.
e) At Shirneer Tek point, where the part embankment done by DCC
ends and the BWDB part starts, a remarkable difference of
embankment height is note worthy.
f) Nearby Tongi, when a section was being constructed by Army
engineers, the quality of construction work was better. The
compaction being carried out by Chain-Dozers after each 6" of earth
filling and surface layer of the embankment being prepared for
turfing.

With all these discussion, it reveals grave concerns about the
integrity of the engineering design and construction of the GDCFPW
dikes and walls. It is an alarming situation, because the GDCFPW
may be converting the pre-GDCFPW flood hazard into a much more
serious future dam-break hazard. In 1988 flood, w~ter level was
increased by 30-40 cm per day. But in a dam-break situation, water
level can increase by meters per hour and be associated with high
velocities. It is obvious that, the death number will increase
catastrophically if the flood situation become a dam- break
situation.
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With some first hand site visit, some other problems are also came
to focus. On embankment near Mirpur bridge, it was found that a lot
of cattle were grazing over the embankment. Also there were
agglomeration of straw at many points. These encourages the
habitant of rats and mouses. With constant movement of cattle and
rats, embankment integrity is at stake (Plate 2.2).

It is also found that vegetable markets are functioning over the
embankment. This leads to misuse of embankment.

Through site visits, it is observed that segmented ,concrete flood
walls of average length of 200 to 400 feet are constructed at
different places like Mirpur Boro Bazaar, Harirampur, Jahanbad,
Diabari etc. It is very much surprising that construction of flood
wall alternative to embankment in each of the above places saved
only a few families from being displaced. As for example, at
Diabari only 2 families were saved from displacement at the cost of
200 feet flood wall. Moreover, still there are houses which fall
out side the flood wall at these places. The main reason of these,
most probably, local influence, political and social motive.

If a continuous embankment in place of embankment cum flood wall
would be constructed, the whole length of Embankment from Tongi to
Mirpur Bridge might be used for road traffic which also could help
reduce the traffic congestion. In that case, the construction of a
feeder road (proposed in the present project) from Mirpur Shirneer
Tek upto Mirpur Mazar could also be avoided. It was not understood
why flood wall was designed at some discrete points while
construction of an embankment for the whole length from Mirpur
Bridge to Shirneer Tek could prove more justified, cost-effective
and also environmentally more acceptable.

Another problem of this GDCFPW scheme, is local drainage problem.
As a result, some area from Satmasjid to Kellar Morh reach are
experiencing water logging. Water logging are also found in the DND
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Plate 2.2 Various activities on the embankment
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area and from the Buriganga Bridge to Mitford area where a flood
wall has already been constructed. In low lying areas from Mirpur
Bridge to Tongi, the problem is described as "acute". This is
happening because of inaccurate routing of embankment and walls.

With the construction of GDCFPW, apart from the above mentioned
problems, some more could be identified as following:
i) nuisance due to soil erosion (mud and dust),
ii)nuisance due to stagnant water in borrow pits and blocked
drains.
iii) hazards due to standing water, which becomes breeding center
for mosquitoes and flies,
iv) interruption of traffic and communication
v) difficulties in business activity
vi) hardship of daily living to families with property in both
sides of the dike due to houses and toilets, bathroom, tubewells,
etc. being on opposite sides of the dike.

All these problems arisen due to harsh planning and wrong dike
routing.

After this long discussion, it is clear that some of the problems
are irreversible, others can be eliminated by proper management.
Hence, it is necessary to identify the problem that can be overcame
or minimized. As a result, some problem are defined below:

(A) Integrity of Embankment Approximately 37 percent of the
existing 29 km Phase I embankment is unstable (Table 2.2) and poses
a serious threat to the people living in the lowland areas. More
than 16 percent of embankment (4.7 km) in subject to catastrophic
failure, which could lead to death of tens of thousands of lives if
the embankment fail by dam-break situation during a period of high
water.

(B) Design of Phase-II Embankments
30
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the number, diversi ty and
(BWDB, DWASA and DCC) project
becoming a major problem.

structural design and foundation design will be very important in
Phase II if the instability problems of Phase I embankments are to

be avoided.

(C) project co-ordination Due to
varying goals of the parties involved
coordination, control and management

(D) Engineering Quality of Phase II construction & phase I
Repairing : Lack of experience of embankment construction of the
contractor is a concerning problem. Use of low level construction
material, lack of advanced construction machinery, methodology and
material, bad supervision, bad workmanship and above all, bad
management makes the things worst. As for example, construction of,

embankments on very soft subgrade, where subgrade shear strength
varies with time is very difficult, and requires highly experienced
and educated designers and construction contractors. Again, quality
control of Phase I embankment construction was very poor. Mainly,
soil compaction was carried out by non-engineering methods.
Embankment slopes were also very unstable.

E) operation and Maintenance Continuous maintenance of the
embankments are very much required. The operation of pumps employed
to drain out country side stagnant water to river side are not
satisfactory. There are no instruction when to start the pumps and
when to stop. Lack of monitoring will help fuel mis-use.

(F) Drainage : Proper drainage facilities is the first precondition
of long live embankments. All the 13 major canal system of Dhaka
are now either inoperative or poorly functioned. Low lying areas
adjacent to embankments are filled up to create valuable lands.
This leads to serious problem. This practice is already been
performed at Rampura.
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2.7 Recommendations and Suggestions

To overcome this above mentioned problems are an es~ential part of
GDCFPW. Some strategies should be taken up immediately, some tasks
can be completed in short terms and other can be done in medium to
long terms. Priorities of recommended projects should be determined
by (1) benefit (2) size of the project (3) population of risk (4)
cost and (5) availability of funds.

A) Integrity of the Embankment - It is recommended that closure of
the Phase I dikes can be delayed until a team of internationally
recognized experts can conduct a design review and safety analysis
for the dike/wall system and recommend any remedial measures and
give assurance of the integrity and safety of GDCFPW.
In initial assessment to determine the extent of damage should be
performed immediately with identifying the sections of dikes which
could fail. A design for remedial work should be prepared which
must be safe and cost-effective. Assessment of R/C walls are also
needed with focusing on Cracking, piping, erosion and overturning.

B) Design of Phase-II Embankments - It can be recommended that
construction of Phase II dikes and walls be delayed until routing
has been optimized on the basis of site specific, technical and
economical details and local concerns. In order to avoid the
problems encountered with the Phase I dikes, following is needed
(1) detailed site investigations including soil boring and
laboratory testing (2) Advance designing i.e, use of high strength
base reinforcement (3) Advance construction methods like the use of
vibrator, chain-dozen etc.

C) Project Co-ordination - In order to provide a smooth operating
system, a project office is needed very urgently. This office
should be staffed with key people from BWDB, DWASA and DCC to
provide the engineering and administrative activity. This office
will manage the activities like planning, designing, contracting,
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construction
maintenance.

inspection, quality control, operation and

D) Engineering Quality of Phase II Construction and Phase I
Repairing - A set of rules is needed to prequalify contractors and
sub-contractors for GDCFPW. The points to be considered includes,
number of staff, staff expertise, amount, type and condition of
equipments, past experiences, management capabilities etc. Again,
if good quality works are required, an effective and reliable
quality control program is needed. Unless this, the safety of dikes
can not be ensured.

E) Operation and Maintenance - Whenever the contractors completed
their respective work and turned over to the administrators, an
effective and workable operation and maintenance plan should be
enforced. Besides this, a mass scale periodic checking system
should be very effective, i.e, (i) periodic checking on full
integrity of the dike system against failure (ii) an environmental
monitoring program including periodic field inspection to check on
all of the projects' environmental aspects. With this thorough
periodic check some feedback information can be obtained which than
can be used for overall project benefit enhancement.

F) Drainage - One of the important tasks to be solved for GDCFPW
success is drainage problem. These measures includes reexavation
and resectioning of canals and lakes, removal of unauthorized
persons therein etc. Low-lying lands are used rapidly for housing.
This must be stopped. Shallower parts should be kept as it is to
allow controlled flooding within dike area and thereby minimize
flood intensities outside the protected area.

With all these recommendation, one can list that GDCFPW will be a
very beneficiary and effective project.
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CHAPTER 3

IMPACT OF THE PROJECT ON
DOMESTIC WASTE DISPOSAL SYSTEM

3.1 Introduction

Every development project has some impacts on environment. Greater
Dhaka City Flood Protection Works (GDCFPW) also imposes some
environmental impacts. Some of these are positive impacts providing
benefits and the others are negative impacts posing problems.

Before the construction of any development project, the usual
practice is preparing the EIA (Environmental Impact Assessment). It
is a kind of feasibility study detailing all the positive and
negative environmental impacts of the project. Here suggestions are
made to overcome the negative impacts so that the project becomes
feasible. If the negative impacts are too complicated to resolve,
then the whole project is abandoned.

But no EIA was carried out for GDCFPW. Hence, whatever big and
complicated the negative impacts, we have to try to solve these.
Eventually, we have to live with some negative impacts unsolved.

After the completion of GDCFPW, the surface run off towards the
river will be cut off, due to the construction of embankments and
walls. Hence, these water will tend to store in five lagoons and
other low-lying areas, most of these areas lie just adjacent to the
embankments in the country side. Most of the times of the year
except dry seasons (Nov. to Feb.) some pools of water remain at low
lying area of the city especially beside the embankments in country
side. polluted water arising from various domestic waste disposal
and other waste disposal will come to these lagoons and low-lying
areas. This will lead to surface and ground water pollution as well
as severe health hazard. This chapter critically reviews the impact
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of the project on various domestic waste disposal system namely
piped sewer system, solid waste disposal system, non point source
domestic waste disposal system and storm water disposal system.

3.2 Sewerage system

Greater Dhaka City Flood Protection Works have a relation to water
supply and sewage. Surface run off towards the river is cut off,
due to the construction of embankments and walls. Most of the times
of the year except dry seasons (Nov. to Feb.) some pools of water
remain at low lying area of the city especially beside the
embankments in country side. Actually, the lined sewer should not
have any interaction with GDCFPW as these wastes are treated and
disposed into river. But due to faulty maintenance, raw sewage may
overflow from sewer lines, manholes etc. and these may carried to
stagnant pools by surface wash, thereby causing great pollution.
Again, water elevations outside the dikes will be higher than
inside, the sewerage system may not drain properly during floods.
However, even without GDCFPW, the functioning of the sewerage
system were greatly impaired during floods. Hence proper design and
operation of pumping needed to ensure discharge of sewage effluent
to the river system outside the dikes during floods. Moreover, the
pollution created by sewage mentioned above have a direct relation
with safe water supply. People comply to use the polluted water as
adequate safe water supply is absent.

Release of pollutants into the water environment constitutes an
extremely serious health hazard to the Dhaka residents,
particularly for the urban poor who rely extensively on open water
bodies for daily use and also are the most directly affected during
flooding periods. According to a report (Planning Commission of
GOB, 1991), the health conditions of urban slum settlements are
extremely bad, and at any given time 30% to 46% of the population
suffer from disease. Most of the diseases are related to
environmental conditions -- arising from pollution of water and
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air. The crude death rate for urban slum is 43.62 per thousand,
which is four times the national average and six times the urban
non-slum average. The infant mortality rate is 150 to 180 per
thousand, over 50% higher than the national norm and almost double
the urban non-slum rates.

Within the urbanized portion of the Greater Dhaka Area, the
pollution level is very high due to (1) poverty (2) heavy
population concentration (3) low levels of public awareness and (4)
inadequate environmental.control system. Inadequate sanitation and
excreta management services, uncontrolled discharges of household
and industrial wastes to the open drain and khals and inadequate
solid waste management services have all contributed towards
creating the problem. According to JICA, 1991, this urbanized
portion of the city covers approximately 106.3 sq.km. (10,630 hal
or 39% of the total city area.

3.2.1 Existing Situation

Accurate information on the existing sanitation situation in Dhaka
is very tough to accumulate. Based on a comparison of estimates
quoted in Task Force (Planning Commission of the GOB, 1991). JICA
(JICA, 1991) and CUS (CUS, 1988) studies, it is estimated that only
approximately 15% to 20% of the city population of 4.8 million is
currently served by DWASA sewerage system. Of the remainder, about
25% are serviced by on-site septic tanks, 15% by sanitary pit
latrine and 5% by bucket latrines. The remaining 35% to 40%
representing some 1.8 million people, have no sanitary service.
They are serviced by Katcha latrines and open defecation, which
deposit the excreta directly into the local living environment.
(Fig.3.1)

Currently, DWASA sewage system extends upto only 50,sq.km or about
20% of Dhaka city. According to DWASA Management Information Report
for November, 1991, DWASA has 448.10 km of sewer line consisting
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mains, truck and interceptors ranging in size from 8" (200 mm ) to
54" (1360 mm), plus 15 sewage lift station. The materials used to
construct sewers are mild steel, asbestos cement, PVC, ductile iron
and even brick. They are sometimes clog due to infiltration from
illegal connection, manholes and sewer pipe joints and they need to
clean periodically. Sewage overflows are common due to sewer
clogging, pump station failure, system overloading in monsoon and
manhole damage.

The 15 sewage lift stations and sewer mains are shown schematically
in Fig.3.2, 3.3. and 3.4.

Per capita sewage flows are estimated upon 1990 JICA Design Study
Report and it has the range from 56 to 102 lcd (liter per capita
per day) depending upon DWASA service zone. As of November 1991,
there were 38,359 sewer connections which is 28% of the 136,000
registered holdings or about 15% to 20% of the Grater Dhaka
population. According to DWASA, the existing sewerage collection
network is currently operating near its maximum capacity. In dry
season, the flow is about 75 mId and in wet season, the flow is
equal to the system capacity of about 120 mId. Hence, further
expansion capabilities are very limited. Unless the system is
expanded, infiltration rates are reduced, or further connections
are limited, the system will be overloaded within the next few
years, resulting in flooding of sewerage throughout the city.

Households not connected to the DWASA service line, use usually two
disposal methods. (1) In ground sanitary disposal system and (2)
Unsanitary system.

The first method includes septic tank or more basic pit latrines.
The second method consists of human excreta deposition to the
ground surface or adjacent water body, including katcha latrines
and open defecation (Fig.3.l). These methods are used extensively
by slum dwellers. Bucket latrines, where wastes are collected and
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disposed offside, also comes under the second category.

DCC now-a-days operates about 20 public toilets. These provide the
general population with access to toilets, wash basins and bathing
rooms. A nominal fee is charged.

Treatment System
The 90 acre pagla Treatment Plant was completed in April 1980 and
accepts all raw sewage from the cities collection systems. It uses
oxidation ponds method for facultative stabilization. The 3 cells
are valved to operate in series or parallel as required and any
cell can be dewatered to the pump station. The plant may be by
passed by operating valves on the incoming 54" main at saidabad
Khal. These stabilization ponds are used extensively in tropical
countries because of their simplicity, low cost, and ability to
utilize warm temperatures and sunlight to achieve satisfactory
treatment.

3.2.2 Assessment of impact

Basically these water will run through sewer line, hence no threat
on water quality. But due to faulty maintenance, sewage may
overflow from sewer lines or manholes (Plate 3.1). Only then, these
waste water will create some problem.

As mentioned in Art. 3.2, surface runoff of water to the adjoining
river are cut. Hence, these water tend to store in low-lying areas.
Most of these areas lie just adjacent to the embankments in the
country side. polluted water may come to these lagoons and pose a
threat to the human health as many people (about 25% of total
population, Fig.3.1) use the water of these lagoons for domestic
purpose. As stated earlier, DWASA can not provide water supply to
all the city population. Actually, slum areas near the peripheral
Dhaka are lacking severely from DWASA water supply. Hence these
poor people may use lagoon water for washing, bathing and other
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Plate 3.1 Open manhole, through which piped sewage can overflow
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domestic purpose, even if we assume they will not drink this water.
But use of contaminated water for domestic purpose only can also
create serious health risk. Beside human health problem, they may
create odor and aesthetic problem, ground water and stream water
pollution, problems of aquatic life and much more. More public
toilet will reduce the open defecation and katcha latrine. Proper
septic tank waste management reduce the pollution of open khal and
drains and wash from low land deposition. Proper sanitation,
increase of flow capacity, upgrade the efficiency by proper
maintenance will reduce the risk of overflowing of sewage from
sewers and manholes, hence pollution arising from surface wash
reduces. Moreover, the problem creating 40% of city population
(Fig.3.l) should be included into the DWASA service, because these
people creates most of the problem. Elevation of lifting pumps and
necessary electrical accessories will be proved very beneficial in
case of future flooding. Safe water supply is also very important.
Elevating water well pumps with accessories is a good step. It will
help in uninterrupted water supply during flood times. Increase in
water level in surrounded rivers during flood periods due to
non-entrance of flood water into the Dhaka city will create problem
in sewage discharging. Hence the pump capacity of the existing
lifting station should be increased and the discharge canal by
which treated sewage make their way to river must be improved. This
canal must be fitted with sluice gate and a heavy duty pumping
capacity.

Again, it is anticipated that after the construction of GDCFPW,
embankment area will become a flood free zone. This will encourage
the in-migration rate. Already Dhaka is suffering from poor water
supply and sewerage facilities. With the overburden of increased
population, DWASA piped sewer system will collapse, in addition to,
increase of open defecation and katcha latrines. These will
increase the pollution intensity of the lagoons. Mor~over, critical
shortage of fresh water supply from DWASA will encourage the use of
polluted surface water. This will create a severe health hazard.
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Hence, it can be understood that in near future, GDCFPW will create
havoc on sewerage and water supply systems unless timely
precautions are taken right now.

3.2.3 Problems and needs

The problems of sewerage management in Dhaka city is very serious.
These include not only the technical issues but also policies,
co-ordinations, education and environmental control.

1) policy: Although DWASA have numerous projects on water supply,
sanitary system and storm discharge system, they are lacking a
co-ordinated policy to combine all projects to improve the city
living standard. A new Master Plan is also very essential to
address the future problems.

2) co-ordination: As mentioned earlier, there is a lack of co-
ordination among RAJUK, DCC, DWASA, DOE, T&T, Titas Gas and BPDB.
One example of this is recent high-rise commercial and apartments
are permitted to construct in areas which do not have sufficient
sewage collection capacity.

3) Low service beneficiary: The current sewerage system, for which
many studies and investments are employed, serves only less than
20% of City population. Till the proposed projects to be
implemented within 5 or 6 years, there exists minor part to
overcome this problem. Hence, there is a urgent need to address the
requirements of the remaining 80% of the population who do not have
sewer service, half of whom have clearly unsanitary system.

4) Maintenance: Infiltration rates into sewer lines are very high
due to improper workmanship and poor material. Many of the manholes
are damaged and sewers are blocked. Pump station failure, system
overloading and sewage overflows are common during the monsoon
season. To ensure the maximum effectiveness of the system, regular
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sewer cleaning and infiltration reduction is essential.

5) Lack of Data: Even DWASA have incomplete data on existing sewer
system. Although, the general routs and sizes of the sewers are
known, exact location of sewers, manhole locations, sewer gradients
etc. are not known. It hampers effective maintenance and operation.
It also creates problem in future planning.

6) Flow Capacity: AS reported before, the sewer system is now
operating near its maximum capacity (120 MLD). Unless DWASA
improves the efficiencies of the system, limits new connections and
starts capacity improvement projects, periodic overflow from sewers
and manholes will continue.

7) Improper sanitation: Many so called "sanitary" service can also
produce pollution due to poor operation and maintenance. septic
tank effluent discharged into the local storm drainage, illegal
sewage connection to storm sewer, pit latrine overflow, deposition
of wastes of bucket latrines into local low-lands, drains and khals
are some of the examples.

8) Public toilet: DCC operated public toilet service reported to be
highly successful. However, many public areas of the city are not
currently served by this facility. Further construction helps not
only general people but also adjacent slum areas.

9) septic Tank: According to JICA estimates (JICA,1991)
approximately 42,000 septic tanks are in operation within Dhaka
city. Their operation and desludging are not bound by any
regulation. During cleaning, usually the sludge are dumped in
low-lying vacant land or into the drainage system. This results in
contamination of storm water, public nuisance, disease spread and
pollution of water bodies.

10) Water quality Monitoring: DOE is entrusted to monitor surface
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waters and DWASA for municipal supply water. However, their
existing technical staffing, testing facilities and monitoring
programs are inadequate to provide necessary data.

11) Legislation: The Environment pollution Control ordinance of
1977 does not have sufficient strength to act as an effective
enforcement law. It does not include a standards defining limits
for pollution discharge into the air, land and water.

12) Public Awareness: Since DWASA are not able to provide sanitary
service to all city dwellers, a public awareness program is very
urgent. It can be done by posters, leaf lets, public contact,
electronic media etc. It must include the water quality, health
hazard due to water pollution, sanitary practice, cross
contamination etc.

3.3 Solid waste

Solid waste is the term used to describe non liquid waste materials
arising from domestic, trade, commercial, industrial, agricultural
and from public service. It comprises countless different materials

,
such as domestic waste, street sweeping, drain sweeping, packing in
the terms of paper, metals, plastic or glass, discarded clothing,
garden waste, construction waste, factory outfall and process waste
etc.

Dhaka is one of the densely populated city in the world and thus it
faces a serious problem of waste management. Since the solid waste
is commonly discarded into streets, drainage ditches, khals and
open spaces, decomposed toxic excreta from solid waste makes a
heavy degree of pollution. Again, after the completion the GDCFPW,
these polluted washout from solid waste will make their way to the
five lagoons causing severe pollution. Unless we can make sure of
proper solid waste management, the GDCFPW will face a havoc
because, pollution from lagoons make the life of surrounding and of
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Dhaka, as a whole, unbearable.

The solid waste generated in Dhaka city are collected, disposed and
managed by DCC. According to DCC, the service area includes about
233 sq. km or 90% of the greater Dhaka city. However, regular
collection of solid waste does not carried out in all parts of the
city. Piles of partially decomposed garbage are seen along
different city streets.

Expenditures for solid waste collection, according to DCC, are
approximately Tk. 26 per person per year, which is substantially
below similar sized cities in other under developed countries.
Comparable value in Bombay and Ahmedabad are 130 and 110
Taka/person/year, respectively. (Bhide, 1990). However cost of
solid waste management by DCC is about 14-17% of its operating
budget, which is very significant portion.

3.3.1 Existing Situation

Generation of Solid Waste
The solid wastes in Dhaka city are generated daily from domestic,
trade, industrial and commercial sources. The waste comprises of
countless materials e.g. dust, food wastes, packing materials,
paper, metals, plastic, broken glass, discarded clothing,
furnishings, garden wastes, construction wastes, factory off cuts
and process wastes. Both degradable and nondegradable wastes are
thrown into the same waste bins or waste accumulation centers.

According to DCC, solid waste generation per day is estimated
between 2000 to 3000 ton. Usually 2000 to 2500 tons of wastes are
generated daily during dry season and 2500 to 3000 tons of garbage
per day during rainy season. According to a study carried out by
DEPC and BUET, (Ahmed & Khandakar, 1984) the average per capita
collection of waste is 0.25 kg per day or 50% of the total
generated waste which is .5 kg per day per head.
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Hence, it is clear that a large amount of garbage is not collected
by Dee. Roughly, Dee collected solid waste remain between 1000 and
1500 tons per day. Also, huge amount of reusable parts of garbage
are usually collected by scavengers, reducing the quantity of
wastes for collection and disposal. This practice, however, reduces
the problem of solid waste management of Dhaka to some degree.

A more scientific data can be obtained from an ongoing World Bank
funded study of solid waste collection. (World Bank, 1991).
According to this study, the density of household waste is about
225 kg/mJ. The waste removed from the collection bins has a density
of 275 kg/mJ, and the density of the waste removed from the truck
is about 575 kg/mJ. DCC is currently collecting an average of 2200
cubic meters of garbage per day. This shows that the daily
collection is 1250 tons per day average or 0.27 kg per capita per
day average (Considering 4.8 m people in Dhaka city). In another
study carried out by the author, the density of solid waste
collected from individual household is found between 217 to 284
kg/mJ (Table 6.5).

Collection of Solid Waste
Solid waste is mainly collected locally by community bin system.
Bins are placed along the roadside at certain location. It may be
mentioned here that all parts of the city are not furnished with
these bins. DCC provides two types of bins for throwing wastes. One
type is movable uncovered bin made of corrugated iron sheets (1622
No.) and the other is fixed pucca covered or uncovered masonry bins
(1098 No.). Wastes from a certain area are collected in a bin,
which are then loaded into vehicles. In places where bins are not
provided, solid wastes are agglomerated along road side which are
then removed by different vehicles.

At present the type of waste bins have been provided are unsuitable
to the climatic condition of this country. During monsoon period,
the rain water stored into the bottom of the open top bins and
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remains there for days together, As
degradable wastes in hot climate
producing strong leachate and odor.

a result,
condition

the accumulated
are decomposed,

Although the trucks are the mostly used vehicles in collection
process, hand carts are also used in this operation. Generally hand
carts (5 cft capacity) are used for collection of waste from narrow
lanes and by-lanes where larger vehicles can not enter (Plate 3.2).
A details of DeC truck fleet are given below in table 3.1.

TABLE 3.1 Dec garbage truck fleet

Sl.No. Type

1. Mitsubishi
2. Bedford
3. Mitsubishi
4. Isuzu
5. Isuzu
6. Mitsubishi

TOTAL

Capacity

5 ton
5 ton
3 ton
3 ton
2 ton
1.5 ton

Quantity

62
10
9

20
48
41

190

Source: Dec Report,1990

Out of above 190 trucks, the city council is only maintaining an
average of 100 collection vehicles per day due to technical problem
and nonavailability of spare parts.

A majority of trucks have a closed body with open flies on the back
and 3-4 vertically sliding shatters on each sides. Each truck has
an assigned area and makes more than one trip to the landfill area
per day.

The trucks collect the garbage generated in the city and transport
to the final disposal site in two shift. Day shift starts from 5
a.m. to 2 p.m., whereas the night shift is from 8.30 pm to 5 am.
Moreover some special trips are provided on VIP roads from 1 am to
8 pm. On an average 360 trips are made everyday by vehicles of
different capacity. Some time the trips increase due to the
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'Plate 3.2 Hand cart, used for garbage collection
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seasonal variation.

The no. of trips that is required in a particular part of the Dhaka
city is depend on the waste generation rate of that zone. The rate
of waste generation, again, depends upon the source of waste, food
habit, population density, profession of the people and specially
on collection system. DeC divides the city into 10 zones for
effective operation.

The waste collection, street cleaning and drain washing are carried
out by Dec employed sweepers. However, no special protective
clothing is worn during this cleaning operations. They handled the
solid waste with uncovered hand to put the garbage into cane
basket, used for the loading of wastes into trucks. For the whole
operation, Dec employs about 4200 cleaners, augmented by another
300 in monsoon.

It is reported that the cleaners often bring their family members
to work alongwith them. The cleaners do not have a common day off
but every worker is given a weekly off day by rotation. Assuming a
city population of 48,00,000, the number of cleaner per 1000 is
0.88. It may be mentioned that the normal satis factory manual
cleaning requirement is at least 2 persons/1000 population. 88
conservency Inspector and 20 supervising inspector look after the
work of cleaners.

Disposal of Solid Waste
Solid wastes are disposed in land filling. Crude dumping method are
used in Dhaka. Though every crude dumping is an environmental
disaster causing health risk from different vectors along with air,
water and ground water pollution, still, DeC use this method to
minimize the cost of waste disposal.

Probable technologies that can be
1) Open dump 2) Hog feeding

used in solid waste disposal are:
3) Grinding
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4) Garbage Reduction,
5) Sanitary landfill.

5) Composting 6) Incineration

Since open dumping is most economical, it is practiced by DCC.
There is a shortage of buildable land because many areas are low-
lying. High in-migration of people and setting up of more
commercial and industrial unit requires rapid building
construction, which in tern, encourages open dumping in low lying
area. This practice also yields an economic return due to its
increased value as property.

DCC now dump the solid wastes as landfill at Jatrabari, which is a
50 acre area and is about 100 ft lower than road level (Fig. 3.5).
Hence it can accommodate 500 acre ft. i.e 685,799 cu. meter or
4xlO' metric ton of solid waste. Before this site is brought under
operation, a 20 acre area at Mirpur was used for this purpose. It
was taken about 3 years to fill that land. So we can roughly
estimate that present site will take 6 years to be filled. In
future, a 72 acre area at Matuail will be used as site. According
to DCC, sanitary landfill method will be used in Matuail site. The
depth of fill is expected to be 16 ft. In addition to DCC operated
landfilling, the author found that, additional filling occurs at
numerous privately owned, low lying areas in Islambag, Hazaribagh,
Mukti Sarani, Dayaganj, Mugdapara and Amligola Balu Math. Although
DCC plans to build residential or other commercially important
building over the filled dump site, squatters take their
unauthorized occupation. Usually, with some difficulties,
government can recover this area and carried their initial plans.
Saidabad Bus Station is on one of these dump site. And the present
land fill site is planned to site the Jatrabari Bus station.

Landfill operation are carried out by in an uncontrolled and
unsanitary manner. Solid waste is unloaded by uncovered hand along
the road side, which is then pushed inside by 3 bulldozers.
Although the garbage is partially compacted by bulldozer, these
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garbage is not covered by soil etc., resulting a wide spreading of
partially decomposed waste. These thing usually attracts birds and
vermin. Again, poor people are engaged themselves in collecting
residual recyclable materials.

Uncollected Solid Waste
Some portion of solid waste generated in Dhaka city are never
collected. Some of this waste is dumped in low lying areas, lakes
or rivers. But, a large portion of uncollected solid waste is
deposited into roadside drainage ditches, storm sewers and city
canal system. It appears that, approximately 10 to 15% of the
volume of storm sewer effluent contains solid waste. (FAP 8B,1991)
According to a study of CUS, (The Center for Urban studies, Dhaka
University, 1988) more than 90% of the slums do not receive
municipal solid waste collection. Although slum dwellers generate
relatively small amount of waste per person, most of this waste are
discarded in khals, lakes, low-lying areas, drainage ditches or
simply scattered in adjacent non-occupied areas. This results in
adverse environment impacts, also producing strong leachate which
ultimate mix with surface wash.

This practice is motivated by the following reason:
1) lack of convenient access to community bins, ii) lack of any
municipal solid waste collection in some parts of city iii) the
relative ease of discarding waste rather than transporting it to a
community bins and iv) lack of awareness of the adverse
environmental and health impacts.

This practice of discarding solid waste in location other than
communi ty bins creates the following problems: 1) clogging of
drainage system 2) Degradation of river water quality 3) Spread
of disease by vector insects and rodents.

The storm sewer disposed to rivers are not passed through any
treatment process, assuming rain water carry little organic matter.
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But due to solid waste disposed into storm sewer, it has strong
load of organic matter and it requires some treatment. After the
completion of GDCFPW, storm water will be stored at five lagoons
waiting for pumping out. The organic decomposing materials will
than move to that lagoon untreated via storm water. This will cause
a disastrous environmental impact. If we don't have an engineered
solution, only two ways will be remaining, evacuat~ng people from
adjoining areas of lagoon or abandon the GDCFPW.

Recycling of Solid Waste
In all developing countries, a fraction of the wastes having
marketable value escapes municipal collection and finds alternate
route for recycling and reuse, due to general habits and economic
status. Practically extensive salvage operation is carried out at
various stages and no refuse of immediate value is dumped for
disposal. J The increase in the market value of many solid waste
material is the compelling motive for the salvage of refuse. This
process virtually reduces the solid waste management problem. When
compared to cities in developed countries, Dhaka achieves a
remarkable reduction in the amount and variety of solid waste. The
constituents which are commonly extracted from domestic waste are:-
- Paper for repulping
Paper for packaging in retailer's shop
Textiles for paper making and for machinery wiping etc.

- Textiles for reuse by poor
- Metals for remelting
- Glass for remelting
- Rubber for down grade use
_ Plastic for production of a inferior grade
- Metal cans for use as domestic vessel.
- Vegetable wastes for animal feed
_ fragments of coal, coconut shell, paper, wood, dry leaves etc.
for use as fuel.

Recycling of solid waste materials from waste stream is carried out
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in various stages. The first level is in the individual household
level, where the housewives separate the refuse of higher market
value such as clean papers, bottles, fresh containers, old clothes,
shoes etc. and sale them to street hawkers. The second stage is by
urban poor, living in the slum areas, popularly known as Tokai' (I
collect). They collect the refuse of low market value from bins and
sweeping accumulation centers. The item includes ,broken glass,
cans, cardboard, waste paper, rags, plastics metals etc. The third
level is by municipal sanitation workers when they collect and
transport solid waste. Lastly, people can be seen salvaging every
possible item at final disposal sites when a fresh batch of refuse
is unloaded by a municipal truck. Recycling pattern of some solid
waste items in Dhaka is seen in Fig. 3.6.

IProcessing Mills/Factoriesl

Waste Materials Shop

IIntermediate processing/salvaging I

Fig. 3.6 Solid waste recycling pattern of Dhaka city

Source: Ahmed, 1986

Dhaka is reported to have over 300 dealer who are involved in this
trade, with a weekly business of some thousand taka.
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The demolition waste is observed to have a good market. Among
others, M.S. bars, angles and joints have higher market value.
Salvaged bricks are used in the construction of less important
structures. Broken bricks are sold for making coarse aggregate for
concrete. The demolition debris of concrete structures are sold for
preparing katcha roads and filling low lying area.

Recycling thus works as an organized trade on which a large number
of people are dependent.

Due to recycling of containers with labels, some greedy and
dishonest persons reuse them by packing spurious material. The
ragpickers or "Tokai" are normally salvage their items with bare
hand and feet and thus liable to get infected. They can also suffer
cut from sharp objects or broken glasses. During the salvage
operation by the pickers, waste deposition spreads and creates
aesthetic disturbance. It is hence necessary to control the
recycling activities:
1) To protect the health of citizens
2) To protect the health of the pickers and

3) To protect the aesthetic appearance

3.3.2 Assessment of impact

With the construction of Greater Dhaka City Flood protection
embankment, the whole city becomes isolated from liquid movement
point. All the surface wash will be accumulated in the low lying
area in the country side of the embankment, which will later
discharged by pump or by sluice gates. Leachate with high pollution
potential (BOD: 5000 to 15000 mg/l and COD: 15000 to 17000 mg/l,
Table 6.12) from the bins, the community storage centers and the
landfills with mix with the surface wash and later will be stored
in the lagoons. The high strength of pollution load will create
odor pollution and health hazard. Nearby poor people will be
attracted to wash their household article in the lagoon, thereby
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suscepting themselves to the diseases. This polluted water soon
find their way to the ground water table. Before GDCFPW, there was
no lagoon, that is, no stagnation water. Now, there will be a
stagnant water pool for most periods of the year. Characteristics
of this water can be found in table 6.16. Hence, risk of ground
water contamination increases. Shallow pumps near these pools and
lagoons will soon be unusable. Since, water supply system is
insufficient to embankment area, people may use these water and may
increase the health hazard. Again, before GDCFPW, surface wash
(characteristics can be found in tables 6.14 and 6.15) find their
way to the river from many points. But after the construction of
embankment system, these polluted water will go to the river from
some specific point through the pumps or sluice gates. The highly
polluted surface wash containing leachate will sharply degrade the
river water quality.

GDCFPW provides us some road facilities. This will help better
solid waste collection system. More people can have access to the
municipal waste collection system, which will help better
environment. But to avail this opportunity DCC have to improve
their collection capacity.

After the completion of GDCFPW, total amount of solid waste will be
increased. Because the population of Dhaka will increase sharply.
Due to flood free condition, people of adjacent area will migrate
within the dam area. This in-migration rate will be higher than the
pre-GDCFPW rate of 6.2% (World Bank, 1992). These people will
mostly be poor people. Hence they create problem not only by
producing certain solid waste but also by degrading hygienic
condition. Some children of these families will become scavengers,
creating more problem.
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3.3.3 Problems and needs

The major weakness of existing system is the omission or ignorance
of information required to plan and execute the proper solid waste
management. This leads to wrong decisions and ineffective
management practice. Performances of the authorities do not have
any quantitative or measurable goals, neither they have any
qualitative objectives. Time frame is totally absent in solving any
problem. DCC do not have adequate waste collection and disposal
facilities to meet present day need. Moreover, proper utilization
of equipment, personal and money does not happen. Proper planning
and program for timely collection and disposal, research,
monitoring, evaluation, reporting to management feed back, in other
words accountability for successful waste management system are
totally lacking within DCC. Existing problem can be properly
documented below.

i) Incomplete Collection: A considerable amount of garbage
generated daily remains uncollected. Decomposition of the garbage
left in the collecting centers/bins produce strong odor and
pollutes air of the locality. These road side accumulation centers
and open dumping grounds not also acts as breeding grounds for~
mosquitoes, flies and other insects, they also help in producing
and spreading pathogenic micro-organism. The leachates from these
degrading wastes comes out to pollute surface and ground water.
This is because of inadequate number of vehicles and staff and lack
of mechanized equipments. Workers are not always dedicated. Half
fill truck of solid waste is not an uncommon site.

ii) Inefficient collection Practice: Current Labor intensive method
of collection and disposal is very inefficient. Here, trucks
remains idle for about 75% of collection time for loading and
unloading. Hence, total efficiency reduces.
There are many roads which are too narrow and do not permit access
to the trucks now engaged for waste collection. Hand carts are used
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there to collect waste and transport
center. As a result, truck turn around
possible number of trips.

to community collection
time increases, reducing

iii) Unhygienic Practice: Conservancy workers do not have
protective covering of the lands and feet while collecting and
dumping partially decomposed wastes from bins and trucks
respectively. In this operation, they may be infected by pathogens
and may lose efficiency being attacked by infectious diseases. This
will reduce labor productivity as well as threats other employees
and larger community. (Plate 3.3)
The scavengers roaming at collection center and dumping site are
also work with bare hands and feet. It is great threat to urban
poor's health as they become prey to numerous diseases. (Plate 3.4)
It would be very good if after completion of collection, all bins
are washed preferably by bleaching power. But it is unthinkable at
present condition due to financial constraints.
The solid waste agglomerated along the road side, poses a health
risk to all urban dwellers. Infectious diseases can be spread by
insects, birds and rodents which feed on these wastes.
Collection timing currently adopted, are not very good. Most of the
cases, collection is done between 5.00 to 11.00 pm. A few trucks
also move in day time. Partially decomposed and odorous garbages
are collected by open trucks which passes through busy roads in
evening peak hour and also in day time causing odor pollution and
nuisance to people. This timing of collection also creates traffic
problem.
Leachate from decaying refuse contaminates surface water by runoff.
It may also contaminate shallow wells located near solid waste
landfills.

iv) Public awareness: Public co-operation and participation in
waste management program is very important. At present most
dwellers of Dhaka do not bother to wrap and dispose off their
wastes properly. Some times, they throw the wastes from distance or
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Plate 3.3 Unhygienic way of garbage handling
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Plate 3.4 Garbage recycling in an unhygienic manner
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from upstairs. Usually, this is practiced due to odor emitting from
the uncollected degrading wastes in bins. But some ~imes people do
this out of negligence. As a result the wastes get spreaded. People
sometimes put their waste on the side walk instead of bins if the
bins are too far away.
Program of sanitary education, campaign to keep the street and
hence the city clean, reporting to the authority in case of failure
by conservancy workers are not common in city dwellers.

v) Lack of Access to municipal collection system: A significant
portion of the city population does not have proper access to
municipal collection system. 90% of the slums are not served by
Dee. A conservative estimate is about 25% of total population is
deprived of this essential service (FAP 8B, 1991). Some of city
area does not served regularly, resulting huge waste accumulation
along streets.

vi) Disposal to rivers and khals: There are about 24 miles of
rivers and khals in and around Dhaka. With the lack of supervision,
these become most convenient places for dumping refuse by nearby
residence and industries. Solid and liquid waste from industries
are thrown into the river to pollute the water bodies. This is a
common picture of Hazaribag. Some portion of Buriganga have NO
dissolved oxygen, hence fishes are not available now-a-days. During
dry season, odor of these water bodies tern offensive.

vii) Improper design of bin: At may cases, people deposit refuse
outside of bin. This is due to unhygienic condition of the adjacent
of the bin. This happen because rain water can enter the bin and
produce leachate, birds and other rodents spread the refuge,
scavengers disorder the wastes. (Plate 3.5)

viii) Lack of Policy: Dee has not have a policy which defines
achievable goals and establishes a timetable for their completion.
They even do not seem to eager to have one. Vital information like
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Plate 3.5 Bad condition prevailing at the dust bin

65



the weight of garbage are not collected, even now.

ix) Lack of penal action: No penal actions are being undertaken now
by the authority for irresponsible throwing of wastes here and
there and at any time and for littering in the street thereby
causing collection problem of the authority. The law also does not
provide any penal provisions for showing negligence by the
Municipal workers in collection or disposal procedure.

x) Lack of technical expertise: DCC is responsible for collection,
transport and disposal of solid waste within an area of 233 sq. km
(Planning commission of Bangladesh, 1991). Solid waste management
is the working agenda of conservancy Division, one of the nine
independent divisions of DCC. There are 10 zones in Dhaka managed
by a conservancy officer, conservancy supervisory inspector and
cleaning inspector. The supervisory staff of DCC are mostly
promotes. With the exception of Chief conservancy officer and his
deputy, no staff have received training in sanitation. probably the
astonishing fact is that the whole conservancy division has NO
Engineers in their work force. Considering that this activity
involves an annual expenditure of more than Tk. 150 million (Bhide,
1990) above point turns to be very inconsistence.

xi) Bad Selection and Design of Landfill Location: Current
practice of DCC is to dump the garbage in low lying area in an
unsanitary man~er. This a short term method as each site fills
within couples of years. Hence nuisance created by an landfill site
have to encountered at several places of the city.
presently, any private party may petition the DCC for solid waste
disposal for land reclamation. Most of these sites are small
compared to government owned landfills. The scattering of solid
waste in uncontrolled environment in and around the greater Dhaka
city area is very much unacceptable.
During and after the use of the site, a fence should protect it
from scavenges. Absence of these leads to severe health hazards.
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After the site is filled completely, a thin layer of soil should be
placed atop to prevent odor and vermin.
Landfill sites are not designed to prevent contamination of surface
and ground water. There are no prevention to stop surface runoff
from sites. Again, their are no impermeable layer beneath the site
to prevent infiltration of leachate. As a result, shallow tube
wells adjacent to the site may yield polluted water.
Present major landfill site at Jatrabari, is adjacent to Dhaka-
Chittagong highway and a few residential apartments. Odor nuisance
creating a disturbance to the residence and passers by. At
Chandighat, a small site is operated just immediately adjacent to
a residential development. (Plate 3.6 and 3.7)
Currently, a little compaction is used during filling. According to
a report (FAP-8B, 1991) about 35% land subsidence will occur at
landfill sites within a few years after the closer of that site.
This results to accumulation of stormwater during rainfall events,
which will elevate the level of nuisance more.

xii) Lack of Coordination: Vehicles, maintenance and cleaning staff
are controlled by three different division within DCC, resulting in
fragmented responsibility and problems with co-ordinating daily
operations.
DCC maintenances its lone garage of conservancy trucks at one place
only. So, fuel costs increases tremendously for movement of trucks
from garage to a remote portion of the city. DCC spent 1730 Tk/ton
for solid waste disposal in 1988-89 (DCC Report,1990), which could
be brought down by better coordination.
Greater Dhaka has above 550 miles of pucca roads. The basis of
allocation of sweeper does not have any standard practice, say,
road length per sweeper, number of sweepers per locality depending
on density etc.

xiii) Mixing of different Type of Solid Wastes: presently, solid
wastes from households, hospitals, industries are all collected,
transported and deposited combindly. Hospital wastes usually
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Plate 3.6 Birds in landfill site
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Plate 3.7 Unhygienic condition prevai 1ing at the 1andfi 11 site
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carries pathogens and industry wastes carries toxic substance.
These should not be mixed along with the household wastes.

3.4 Non point source domestic waste

Waste from slum areas are a major concern of GDCFPW. There exists
a large number of slums in Dhaka city. They are not properly
sewered. They produce a large amount of untreated waste because
about 25 to 30% people live in slum areas. Eventually these waste
will mix to lagoons and other stagnant water bodies causing a wide
spread pollution. To overcome these problem some comprehensive
knowledge is essential. This article enlight this problem and their
possible remedial measures.

Although Bangladesh is a rural country, according to the World Bank
(World Bank, 1992) the total urban population is quite high (16%)
and its increasing rate is quite significant., 6.2% compared to
5.6% of the Least Developed Countries (LDC). It may be noted here
that, annual population growth of Bangladesh is less than 3% . So,
it is clear that people are rushing towards the cities.

In Dhaka city area about 19% people (878298) live in 1125 slum out
of total 4.8 million people ( CUS,1981 ). But for greater Dhaka
area, about 40% people (about 3 million) out of 7 million are slum
dwellers.

These large amount of people usually live a very humiliating life.
They are deprived of basic urban utilities like water supply,
sewerage, health service etc. Usually these slum areas can formed
at any place of the city, but in most cases they group in places
(1) where employment opportunity is high (2) where rent is low,
like low lying area and peripheral areas and (3) where the land is
government owned.
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3.4.1 Existing situation

Although slum problem is a very old problem in Dhaka, within the
last several years there has been a growing awareness about this
problem. This social problem can also lead to an explosive
poli tical problem. The total physical, economical, social and
morale environment are not only a problem of slum dwellers but only
a source of problem for all city dwellers.

Several excellent studies have been undertaken over the last few
years to identify the actual conditions and extent of the problems.
In this regard the CUS under the Geography department of Dhaka
University is playing a leading role. The Urban and Regional
Planning (URP) department of Bangladesh University of Engineering
and Technology (BUET) is also doing some basic studies. In 1986,
the Bangladesh Bureau of Statistics undertook a survey of the slums
in Dhaka, Chittagong and Khulna to produce some data on housing,
household facilities, population and economic aspects. In 1988, CUS
undertook a massive survey and produced "Slums and Squatters in
Dhaka". In 1989, CUS again undertook a massive project under the
financial assistance from World Bank, UNICEF and some other
agencies for analysis of all information and for formulating some
recommendation to reduce the problem. This project yielded a report
"The Urban Poor in Bangladesh" in April, 1990. After that, the
Planning Commission established a Task Force on the "Social
Implications of Urbanization in Bangladesh". They prepare a
recommendation of policies and actions for Government consideration
in Feb., 1991.

Although we have a lot of data, there are some anomalies among the
data survey by different organization. This is due to many reasons
like (1) Most of the survey were done in short period so some error
may arise, (2) surveys are conducted at different time, so
difference may arise as the slums are very dynamic phenomenon (3)
difference in area surveyed, as one organization used DCC area and
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some other agencies used Dhaka statistical Metropolitan area (4)
difference in the definition of slum. All these factors do not
reduce the credibility of different data but needs a comprehensive
knowledge of interpretation.

Before advancement for further discussion, the definition of slum
must be settled. According to CUS, "Slums are such places where
population density is very high (more than 300 per acre), where per
room density is also high (3 or more adult per room), where
building construction materials are primitive, where water supply
and sewerage system are of very low grade, where refuge collection
is unsatisfactory, where road ways are not available, where poor
peoples live and where major employment is informal".

According to 1988 CUS survey, there were 1125 slums within DCC area
where 878,298 people lived. Among these 341 slums were
unauthorized. They marked a slum which has a minimum,lO households.
Besides that there are some floating people who take their shelters
in foot-path, terminal, Railway station etc. Hence at that time the
total slum population was about 1 million, which is about 20% of
total city population. Considering the growth rate it is about 25%
now, hence the slum population is about 1.2 million now. But within
the RAJUK area it is about 3 million out of total 7 million, i.e,
42% people are slum dwellers.

It was found that slum areas were scattered throughout all of
Dhaka, and generally in relatively small pockets. Although there
are areas where over 500 people are clustered into large slums,
notably within Mirpur area and in the old city areas around
Islambagh, Shaheed Nagar and Rasulpur, on average about 80% of the
slums were less than 1 acre in size, with average 110 households
and average 655 persons per acre. The largest slum is Aga Sadek
Road sweeper colony at old part of the city will 2260 families and
13,573 person lived followed by Kilkhat Namapara slum under
cantonment police station with 896 families and 8026 persons
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resides. A typical view of slum can be seen in Plate 3.8.

From Table 3.2, it is very clear that slum formation rates are
increasing with time. About 38% of all slum are formed within last
10 years, 76% are formed within last 20 years.

Table 3.2 Age of slum in Dhaka eity---------------------------------------------------------
Age of slum Number of slum Percentage
---------------------------------------------------------
Less than 5 years
6 to 10 years
11 to 15 years
16 to 20 year
21 to 25 year
26 to 30 years
Greater than 30 years
Not available

286
248
255
171
55
33
64
13

25.4
22.0
22.8
15.2
4.9
2.9
5.6
1.2

---------------------------------------------------------
Total: 1125

---------------------------------------------------------
Source: eus, 1988.

According to eus 1988 report, the total area of 1125 slums are 1340
acre which implies that the average population density is 655
persons per acre or 4,19,200 per sq. mile. But the population
density of total Dhaka city is 55,000 per sq.mile. But in some
specific cases, in some of the cases, the population densities are
as high as 2500 person per acre, which seems to be impossible. In
Table 3.3, the area of slums are described. It may be stated here
that the largest slums in terms of area are Islambagh, Sahidbagh
and Agargoan. The reason of high density is the slum dwellers
occupy only a small space. About one third slum dwellers live
within 60 sq. ft. per family i.e 10 to 15 sq.ft. per person. About
50% people live within 61 to 120 sq.ft. per family. the rest 17%
occupies a space more than 120 sq. ft. but less than 300 sq. ft. per
family i.e, 50 to 75 sq.ft. per person. (Fig.3.7)
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AREA OCCUPIED BY SLUtl DWELLERS

~()-15 .qft/perSOll

1:,-30

Fig. 3.7 Area occupied by per slum dweller
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Plate 3.8 Typical view of slum area
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Table 3.3 Area of slums in Dhaka eity

-----------------------------------------------------------------
Area of slum (acre) No. of slum Percentage-----------------------------------------------------------------
Less than 0.08 acre
0.09 to 0.16 acre
0.17 to 0.33 acre
0.34 to 0.66 acre
0.67 to 1.00 acre
1.01 to 5.00 acre
5.01 to 10.00 acre
Greater than 10 acre

283
226
182
148
78

162
22
24

25.2
20.0
16.2
13.2
6.9

14.4
2.0
2. 1----------------------------------------------------------------

Total: 1125
----------------------------------------------------------------
Source: eus, 1988.

The slum areas in Dhaka city can be divided into two types, namely
authorized and unauthorized. According to 1988 eus report, 35% of
slum people live in 349 unauthorized slums. The unauthorized slum
means the slum which developed on Government or organizations'
land. These types of slums have no urban facilities, not even
latrines. About 65% of slum land is private and 29% is government
or organizational. Table 3.4 details this .

.
Table 3.4 Slum land ownership

----------------------------------------------------------------
Type of ownership No. of slum Percentage-----------------------------------------------------------------
Government/Semi-Government
Private (organization)
Private (personal)
Mixed
Un identified

328
23

733
11
30

29.2
2.0

65.1
, 1. 0
2.7-----------------------------------------------------------------

Total: 1125
-----------------------------------------------------------------
Source: eUS,1988

Most of the houses of slums are of lower grade. According to 1988
eus report, only 10% of all house are permanent or semi-permanent
structure. The rest are temporary structure. It is described in
Table 3.5.
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Table 3.5 Type of houses in slum
-----------------------------------------------------------------
Type of houses Percentage
-----------------------------------------------------------------
Permanent Structure
Semi-permanent structures
Bamboo and C.I. Sheet
Bamboo and Straw
Very weak temporary structures

3.3
7.4

36.9
32.8
19.6

-----------------------------------------------------------------
Source: CUS,l988

The physical facilities of slum areas are very inferior. Among
these, the condition of unauthorized slums are worse. In most
cases, there are no roads in side the slums. If there are some
roads, they are narrow. Detailed in Table 3.6. This condition of
roadways create problems in solid waste collection process.
Sanitary system is very primitive. Usually there are one latrine
for 20 to 40 families. Some unauthorized slums have no latrine at
all. There are some slums where no water supply exists. Most slums
have no electricity and no gas. According to 1987 Bureau of
Statistics report only 42% slum people have access to electricity.
These are detailed in Table 3.7.

Table 3.6 Road condition of slums

--------------------------------------------------~-------------
Condition of Roads No. of slums Percentage
----------------------------------------------------------------
No. roads
Narrow earth road
Brick road (width less than 4')
Brick road (width more than 4')
Paved road

577
352
85
20
91

51. 3
31.3
7.5
1.8
8.1

---------------------------------------------------------------
Total: 1125

---------------------------------------------------------------
Source: CUS,1988
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Table 3.7 Physical facilities of slums

Percentage out
1125 slumNo. of slum

-----------------------------------------------------------------
Type of facility

30.3
55.7
8.6

50.0
14.6
86.6
51.1
10.3
5.7
10.2
26.3
3.4

341
627
97

563
164
974
575
116
64
115
296
38

-----------------------------------------------------------------

Gas
Electricity
Solid Waste collection
DWASA Water Supply
Tubewell
Toilet
Bath place
Mosque
Primary School
Open place
Shops
Health Center

-----------------------------------------------------------------

Source: Source: CUS.1988

Since most of the slums are located at peripheral areas and at
low-lying areas, there are severely flood susceptible. According to
1988 CUS report about 66% slums are affected in 1987 flood. Since
1988 flood is more severe, more slums were affected at that time
(Table 3.8 and 3.9).

Table 3.8 Drainage System of slums
-----------------------------------------------------------------

PercentageNo. of slums
-----------------------------------------------------------------Drainage system

34.8
43.1
22.1

391
485
249

-----------------------------------------------------------------

Good
Bad
Very bad (water stagnation
after every rain fall)

Total: 1125
-----------------------------------------------------------------
Source:CUS,1988
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Table 3.9 Impact of 1987 flood

Experience

Total submergence
Partial Submergence
No submergence

Total:

Source:CUS,1988

No. of slums

570
170
385

1125

Percentage

50.7
15.1
34.2

Summary: From the above discussion, the following grave situations
can be summarized: (1) 65% of the slums were hit, by 1987 flood
(Table 3.9), and the situation was worse in 1988. So slums are
seriously flood prone area (2) 65% of the slums have poor drainage
(affecting about 0.8 million people) of which 22% are regularly
flooded during even minor rainfalls (Table 3.8). (3) Only 9% of
slum dwellers have any form of regular solid waste collection
service, the remaining 91% (over 1.0 million people, generating
about 500 tons of garbage per day) dispose their garbage onto
nearby low lands, vacant lots, roadside drains or khals (Table
3.7). (4) about 64% have access to drinking water, the remaining
36% rely on neighbors supplies or on nearby ponds and streams
(Table 3.7). (5) the 87% of population have some sanitation
service, mostly unsanitary katcha latrines. And the remaining 13%
either use others facilities or defecate in open spaces (Table
3.7). (6) 51% have no internal pathways, and 31% have very narrow
paths, hence making impossible of solid waste collection (Table
3.6) •

The living environment and general health of the slum residences
are measurably bad. The high rate of disposal of garbage and feces
into the immediate local environment along with poor'drainage, lack
of clean water supply and lack of proper health service make the
slum residence highly susceptible to disease. The infant mortality
rate is 150 to 180 per 1000 which is double than that of non-slum
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urban area (Planning Commission, GOB, 1991). The highest crude
death rate is 43.62 per 1000 which is six times than that of
non-slum urban area, and at any given time, 31% to 46% of the slum
population is suffering from disease.

The effect of this are not restricted to the slum areas alone. The
high degree of environmental pollution and disease affecting 25% of
city population poses a hazard to entire city, not just the slum
residences.

3.4.2 Assessment of impact

A large number of Dhaka city population are slum dwellers. Out of
4.8 million population of Dhaka city about 25% i.e. 1.2 million
people live in 200,000 households (FAP 8-B, 1991). For greater
Dhaka area, out of 7 million population near about 3 million are
slum dwellers (approximately 42%). This large number of people
virtually have no proper sanitary system. In authorized slums,
there are certain community latrine. These are used mainly by women
and elderly men. Almost 100% of children use open drains as their
latrines. Again in unauthorized slums, there are no provision for
any latrines. People usually erect a covered room directly over
low-lying ditch, over khals, canals and even over surface drains
and they use these for defecation, again for women and elderly men
(Plate 3.9). Here again, 100% of children defecate on roadside
surface drains. 87% of the slum population have some sanitation
service, mostly unsanitary katcha latrines. And the remaining 13%

either use others facilities or defecate in open spaces (Table
3.7).

After the completion of GDCFPW, since all surface water are
supposed to store on the five lagoons and low lying areas, waste
from slum area will probably create the most important impact.
Human excreta of huge number of people will mix to the stagnant
water untreated and will remain there for days together waiting for
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Plate 3.9 Open defecation by slum dwellers
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pumping out. The route by which slum area surface wash will go to
the lagoons can be visualized in Fig. 3.5. This will cause surface
water pollution of ponds and lagoons first and then through
infiltration, this will destroy the ground water resources. People
of adjoining area will use the water from stagnant pool for their
daily use as they are not served by DWASA water supply. According
to another studies (CUS, 1988) about 50% of the city's slum
dwellers use water from DWASA service, 14% of them get water from
community tubewells set up locally. The remaining 36% of them do
not have any access to water facilities. They obtain water from
ponds or river or from neighboring residences (Table 3.7).
Therefore, this 36% slum dwellers are the most susceptible group
for health hazard (Fig.3.8). This will lead to severe health hazard
to poor people. Due to ground water movement, the high organic
pollution can travel many direction. Hence a large number of
shallow tube well as well as some deep tube well discharge may be
contaminated. Ground water pollution is irreversible in some extent
and it takes many years to make it back to its original position.
Since water supply system at the peripheral Dhaka is not good,
people have to depend on these contaminated wells. Hence it will
lead to a disaster.

Decomposition of fresh sewage coming from slum areas will make some
air pollution on the lagoon and pool side. Finally after pumping,
river will experience point source pollution which may offset the
river ecology near the pumping station and sluice gates.

Actually, this type of pollution will create the most significant
impact. But again, slum development is the most complicated job.
Unless we can manage the slum waste, the whole GDCFPW project will
be in danger.

Moreover, due to the construction of GDCFPW, a large number of poor
people influx will happen and some more slum area will develop
making the problem worse. Hence, slum development along will slum
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waste management must be given top most priority in the GDCFPW
project.

3.4.3 Problems and needs

From the previous discussion, it is clear that the magnitude of the
needs of the slum and squatter dwellers is almost overwhelming.
Till now, the actions taken up in this regard is very
insignificant. One of the first step toward poverty alleviation is
to provide access to the basic services of clean water, sanitation
and solid waste disposal to improve the environment and health
condition. SIP is the program of that kind, but it is very
unfortunate that it is yet to start in Dhaka due to some problem
within DCC. DCC has not yet set up its own slum development cell.
DCC, who is the main responsible for solid waste management in
Dhaka city failed to provide service to 90% slum dwellers. Again,
DWASA stated that they are aware of the need for a clean water
supply and sanitary facilities for urban poor, but they have no
program to implement these due to financial set back.

Hence,
coming

it seems that everyone know the problem but no one is
forward to translate their awareness into specific actions.

3.5 Storm sewage

Storm sewage means the rain water. Since this part of sewage has a
much bigger volume, it is dealt with separately. There is another
reason why it is separated from domestic waste. Theoretically it
does not need any treatment. Usually it includes surface wash,
leaves, grits and sometimes air pollutant solute into rain water.
But in Dhaka, the picture is very different. Here a large number of
pollutant mix with the storm water. Open defecation, leachate from
solid waste, deposition of industrial waste make the storm water
polluted to a significant degree. Since no treatment is given to
it, it pollutes river water.
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3.5.1 Existing situation

Existing drainage system's performance is already extremely poor.
The existing drainage system includes a complex network of lakes,
interlinked with a number of canals (Khals), shallow water bodies

(bils) and open drains (Fig.3.9). Piped drainage systems were laid
particularly in the newly developed areas. To reclaim land for the
expanding housing settlements, the shallower parts of the lakes,
khals and bils have been filled up with an ever-increasing rates
and replaced by hurriedly designed drainage system often inadequate
and lacking appropriate hydraulics.

Within Dhaka city about 3,430 ha or 12% of the total area (JICA,
1991) are covered by open water bodies -- lakes, khals and bils.

They are used for recreation, bathing and washing and for house
hold water supplies to lowest income people. It also acts as a
recipient for many pollutant including defecation. Many storm
drains discharges into these open water bodies. Both the storm
drains and many of the water bodies are extremely polluted. They
serve as a recipient body for household "grey" water discharges,
for septic tank effluent, for unauthorized dumping of bucket
latrine waste, for uncollected garbage, for industrial wastes where
connection to sewer system are not available, and for urine and
feces where sanitary facilities are not available. In the dry
season, many of the smaller ponds are stagnant, and they serve as
a breeding ground for mosquitoes and other pests. In the wet
season, they receive additional pollutants from street runoffs, and
from flushing of human wastes from the katcha latrines and open
defecation areas. An open drain can be seen in Plate 3.10.

Within the Dhaka city, only 137.45 km2 are served with storm sewer
drainage pipes. The total length of storm sewer is 125 km (DWASA
Nov. 1991) with diameters 1 ft to 10 ft (0.3 m to 3.0 m). Begunbari
khal zone is installed with the most drainage pipes with a density
of 2.7 km/km2, followed by Dholai khal zone with 2.5 km/km2

• Usually
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pipe of dia 1 ft to 4 ft are R.C.C pipe and 4 ft to 10 ft dia are
brick sewer. There are about 24 khals in Dhaka city. The total
length of khals are 53 km in length. Major khals are Dholai Khal,
Segunbagicha khal, Gerani khal and Begunbari khal. Details of only
these are given below in table 3.10.

Narinda is the only pumping station. It drains all of old Dhaka
with a catchment of 4.23 km2• It is equipped with 4 main pumps with
a dia of 1000 mm. The total design discharge capacity is 9.6 m'/s.
It also has one reservoir tank of 18,850 m' covering in an area of
4,600 m2, one gravity drainage channel, one emergency channel and
three gates. Average Daily operation hour is 6.

Table 3.10 Major canals with catchment areas
•

16.0
6.7
8.3

37.7

Dholai khal
Segunbagicha khal
Gerani khal
Begunbari khal

Source: JICA, 1987

---=---,---,----0---.,..,...-,;,.,--Total length (km) Catchment area (km )

4.0
3.4
3.5
6.5

The specific discharge capacities of the existing trunk drainage
pipes are 1.0 m'/s/km2 to 3.0 m'/s/km2

• These are very small compared
to the required (8-l5)m2/s/km2

•

3.5.2 Assessment of impact

As described in Art. 3.5.1 the present drainage situation is very
concerning. After the construction of Greater Dhaka City Flood
Protection Works, the outflow from different canals towards the
river will be cut off. Excess water from the khals and bils may
over spill to the surrounding areas causing enormous suffering of
the residents. Theoretically unpolluted but practically highly
polluted storm water stagnation will also cause mosquito breeding,
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disease spread, odor problem and environmental degradation. There
are provision of sluice gates and pump stations for venting the
storm drainage to the surrounding rivers. The sluice gates will
function during non-external flood conditions. During periods of
external flooding, the sluice gates will be closed and the pump
stations will be used to maintain safe internal drainage. Due to
the high costs for purchase and operation of large capacity pumps,
retention ponds will be constructed to provide temporary storage of
storm water.

To maintain effective operating condition, it is essential to keep
the khals and drainage pipes operable. At the same times, steps
must be taken to reduce the in-flux of industrial waste, municipal
waste and solid waste into the storm sewer. Otherwise the five or
ten concentrated outlet of polluted drainage water into the river,
will severely cause pollution to river water quality. Before the
construction of GDCFPW, there were several outlets for canal
system. But now all these pollution load will go the river water
through only five or ten point. Hence, the self assimilatory
capacity of the river will definitely exceed. The valuable river
water resources surrounding Dhaka city will then become a
liability.

Surveys by DOE of these water bodies have revealed that the
dissolved oxygen levels are very low in large reaches, and even
anaerobic septic conditions are prevailing at some points. DWASA
found that the coliform level is equivalent to raw sewage level at
many points. The department of Fisheries found that the Dhanmondi
lake is unsuitable for fish. It is found that DO level at Dholai
Khal, Begunbari khal and Segunbagicha khal were zero (Table 6.15).
The deteriorating water quality has seriously degraded the
aesthetic, recreational and fishing values and has sometimes
converted them into nuisances and results a polluted environment
for neighboring residents. The construction of flood protection
embankments will obstruct free outflow from these water bodies and
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seriously aggravate the problems.

Storm drain overflows and over spills of polluted water body are
common during rainy season into the living environment. It leads to
a high incidence of water borne disease as children playing and
people bathing in polluted water are a common sight in Dhaka.

3.5.3 Problem and Needs

Much of the problem have already been discussed in Art. 3.5.1 and
3.5.2. Drainage congestion can severely hamper the effectiveness of
GDCFPW.

1) Policy - Due to the lack of a clear policy, new housing can be
developed by filling low lands and even part of drainage canal.

2) Co-ordination - To maintain a proper drainage system, sound
co-ordination is essential among DCC, PHE, DWASA, BWDB, RAJUK, DOE,
Directorate of industries, Housing Department etc. They will look
after the canal flowing, unauthorized solid waste and industrial
waste dumping, unauthorized building and construction etc.

3) Legislation - Some legal action must be imposed for illegal
connection of industrial and municipal wastes into storm sewer, for
unauthorized roadside dumping of industrial solid waste, etc. Stern
action should be taken in case some one cause obstruction for canal
discharge.

4) Pump house - Currently only one pumping station is operating at
Narinda for Dholai Khal. At the Phase II of GDCFPW, five numbers of
pumping station will be started functioning. But this number seems
to be inadequate. Some more pump station will do the work neatly.
However, a new pump station is being constructed at a cost of
338.93 million Taka under IDA and UNDP funding at Narinda for
Dholai khals. According to "Final Engineering Design of the Dholai
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khal Rehabilitation GOB, UNDP, UNCHS Aug. 1990", the new
station will drain a 640 ha. catchment of old Dhaka and Gandaria --
Jatrabari. It will have 3 pumps of each having a capacity of 26,667
m3/h or 7.4 m3/s, with a capacity of 80,000 m3/h. In dry season,
there are provisions for gravity discharge through sluice with a
maximum 30 m3/s. For this, a new Narinda retention basin covering
2.4 ha. with a capacity of 110,000 m3 will be constructed under
this project, most of the Dholai khal will be made to move through
a box culvert except open channel of 291 m from Sutrapur Iron
bridge to the pumping station. From Dholai khal bridge to old
Narinda Pumping station, there will be 4 lane road over box culvert
and from there to Iron bridge, it will be a 2 land' road over the
box culvert. The project is expected to complete by 1996-97.

Another addition pumping station is constructed on Kallaynpur khal
by JICA.

5. Drainage canal - Free discharge capacity of canal system is
essential for proper drainage. Currently, many unauthorized
construction by or over the khals, reduces or stops the water
movement through the canals. DWASA is currently engaged in
emergency cleaning of 13 of the critical major khal systems to
alleviate some of the construction. JICA has started a program of
khal improvement and pump station constriction on the Kallaynpur
khal system. But Till Nov. 1991, only 34% work has been completed.
(DWASA, 1991, Nov.)

7) Expansion and Maintenance of pipe drainage system - Till now,
only a portion of city area is served with pipe storm drainage
system. This must be expanded with proper maintenance of existing
pipe lines.

7) Public Awareness It is an urgent need. People must be
instructed not to use water of lakes and khals for their house hold
washing or other acti vity. Bathing should also be prohibited.
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Unless this activity, spread of disease can not be controlled by
only medicare.

3.6 Impact of the project on domestic waste disposal system

From the long discussion in previous articles, it is clear that the
impact of the project on domestic waste disposal system is very
acute. The huge pollution of five lagoons and other low lying water
bodies will come from
(1) The overflow of piped DWASA sewer line from manholes or
leakage.
(2) The leachate from road side solid waste deposition.
(3) Huge raw human excreta from about 35% of the population, that
is 1.68 million people (Fig. 3.1).
(4) Unauthorized deposition of bucket latrine waste into canal
system or other low lying areas.
(5) Illegal industrial waste disposal into the canal system.
(6) Agricultural surface wash.
And (7) Natural surface wash.

Hence, it is anticipated that the water of the lagoons and other
low lying water bodies will be highly polluted. This will degrade
not only the surface water quality but also the ground water
quality and river water quality.

Many people (about 25% of the total population, Fig. 3.1) use the
lagoon/ pond/ river water for domestic purpose as DWASA can not
provide water supply to all the city population. Hence, it will
create a wide spread health hazard in addition to odor problem,
aesthetic problem and aquatic ecological problem.

These polluted water will then enter into the g:r;oundwater by
infiltration. This will increase the risk of ground water
contamination. Shallow pumps near these pools and lagoons will soon
produce polluted water. Use of these water will increase health
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hazard. Again, ground water pollution is irreversible in some
extent and the pollutant can travel a long way by ground water
movement. As 99.09% (131.4 MIGD) of the total capacity of 137.4
MIGD of DWASA come from ground water, ground water pollution will
create the most devastating health hazard for the entire city
population.

Again, after the construction of embankment system, these polluted
water will go to the river through five pumping stations in wet
season or through ten sluice gates in dry season. As a result, the
river will experience severe point source pollution.,When all these
polluted water will mix to the river water at specific concentrated
point, river self purification capacity will fail. Thus the river
resources will be unusable and aquatic life will be destroyed.
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CHAPTER 4

OTHER ENVIRONMENTAL ASPECTS OF
THE PROJECT

4.1 Introduction

Apart from the various domestic waste source, stated in the
previous chapter, there are some other means by which water
pollution of Dhaka city can occur. These include industrial waste
from various industries located in Greater Dhaka region and
fertilizer and pesticides from agricultural field in low lying
Dhaka region. In addition to this, land use management after the
completion of GDCFPW and positive and negative impacts of GDCFPW on
some environmental aspects are discussed here.

Although the total volume of the agricultural and industrial waste
is low, their polluting strength is very significant. This is
because most industrial and agricultural wastes are inorganic in
nature, which creates multi-dimensional complexities compared to
organic pollution. Accidental spill of toxic chemical substances
from industries or from transportation will eventually mix with
surface wash and hence with canal water. Many toxic inorganic
chemicals also cause air pollution coming from industries,
automobiles etc. These chemicals can dissolve in rain water and may
ultimately increase the polluting load of lagoon water. These
things are discussed in this chapter.

Again, after the construction of GDCFPW, the land value will

increase sharply because the total project area will become flood
free. As a result, the proper land use management will be an
accessory to the overall efficiency of the project. To assess the
impact of GDCFPW, land use management is a yardstick. This item is
discussed in this chapter.
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To assess the impact of Greater Dhaka City Flood Protection Works
on Domestic Waste Disposal is an integral part of the total
environmental assessment. Because domestic waste management itself
directly interlinked with the sanitation service, city development,
public health and living standard. Hence, impacts of GDCFPW on some
environmental aspects are also discussed in this chapter. Some of
these are positive impacts providing benefits and the others are
negative impacts posing problems. In this chapter, all impacts are
categorically discussed. It may be noted that some impacts are
linked physically with the embankment structures itself. These
impacts are also discussed here as degree of embankment's
efficiency will influence its impact on domestic waste disposal.

4.2 Industrial Waste

For the demanding need of development of the nation, there has been
always a pressing necessity for rapid industrialization.
Industrialization is now considered as one of the most important
elements in the countries development processes. Unfortunately this
process has some adverse impact on the environment. As a result,
industrialization without proper attention may lead to irreparable
damage to country's resource base. Since economic development must
not be discouraged in Bangladesh, it must be tempered with sound
environmental management.

While a huge amount of water is required for different industrial
process, only a small portion of the same is incorporated in their
products and lost by evaporation. The rest finds its way into the
water course as waste water called industrial wastes. The
industrial wastes join stream or other natural water bodies
directly or indirectly, thus contributing to the 'pollution' of the
natural waters. It is very unfortunate that most of our industries
do not treat their wastes. Again, significant amount of solid
wastes and air pollutants are also produced depending on the type
of industry.
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The pollution potential of industrial wastes arises from high
concentration of organic and inorganic loads, presence of toxic
substances, heavy metals, acids, alkalis, oils, odor producing and
floating substances. The selected effluent quality parameters of
some of the polluting industries in Bangladesh are presented in
Table 4.1. The effluent quality standards of the corresponding
parameters are shown in Table 4.2. By comparing the effluent
quality parameters shown in Table 4.1 with the tolerance limits of
these parameters in Table 4.2 it can be easily seen that untreated
industrial effluent may be 10 to 100 times more polluting than the
properly treated effluent.

Table 4.1 Typical Effluent Quality of Some Polluting Industries in
Bangladesh

-----------------------------------------------------------------
Industries pH BOD

mg/l
S.S.
mg/l

Toxic substances
mg/l-----------------------------------------------------------------

Tanneries 8.5-11.0 800-3000 1000-8000 Chromium-10.5,
Ammonia-110

Paper & 8.2-9.5 200-1250 900-3300 x
pulp
Textile 9.8-11.8 500-1000 100-200 Chromium-12.5
Sugar 4.6-7.1 300-2000 200-2500 x-----------------------------------------------------------------
Source: Ahmed, 1990

Table 4.2 Standards for Industrial Effluent Discharges in Natural
Stream

-----------------------------------------------------------------
Standards pH BOD

mg/l
S.S
mg/l

Toxic substances
-----------------------------------------------------------------
Royal Commission x 20 30 x
India (IS) 5.5-9.0 30 100 Chromium - 0.1
Bangladesh
(proposed) 5.5-9.0 40 150 Chromium - O.1

Ammonia-5.0
-----------------------------------------------------------------
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4.2.1 Existing Situation

Dhaka is a major industrial center containing predominantly collage
and light industries. Among these, some of the industries are
identified as specific sources of pollution. According to survey
undertaken by the Department of Environment, (LGRD, 1986),
Directorate of industry (DI, 1988) and Seatec International Co.
Ltd. (NEMPCP,1990; NEMPCP,1991a; NEMPCP,1991b; NEMPCP,1992), the
major polluting industries are as follows:

Table 4.3 Industries of Dhaka city

a) Tannery Industry
b) Textile Industry
c) Pharmaceutical
d) Chemical
e) Pesticides/Insecticides
f) Rubber and plastic industry
g) Iron and steel
h) Others

Total

160 nos.
69 nos.
81 nos.
14 nos.
4 nos.

19 nos.
26 nos.
78 nos.

451 nos.

Source: LGRD,1986; DI,1988 & NEMPCP,1990, 1991a,1991b,1992

There are three major industrial areas within the Dhaka city namely
Hazaribagh, Tejgaon and Motijheel.

Hazaribagh contains 160 tanneries, most of which are small scale
plant. Chromate and various complex chemicals used in the
processing of animal hides are regularly discharged into the
roadside drains which is ultimately go to the Dhaka canal system.
Prior to the construction of the embankment, the canals discharged
freely to the rivers surrounding Dhaka. The outlets have been
blocked now resulting in the retention of the sewerage and
accumulation of pollutants. According to the plan, there are
provision of a pump station, retention pond and sluice gate at the
mouth of the drainage canal.
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Various attempts have been made to resolve the problems in
Hazaribagh. In one such cases, DWASA reported that meetings with
the Tannery Association were held in 1986 to discuss the
construction of a pre-treatment facility for removing heavy metals
and other chemicals harmful to the efficient operation of the pagla
Treatment Plant. The association opposed the plan based upon
projected cost for construction, stating that most of the tanneries
are small operations and do not generate sufficient revenue to
finance pollution control measures. No further discussions
reported. In another case, DCC proposed to shift all tanneries in
Hazaribagh to a site outside Dhaka at a place on the east side of
the Lakya River. No actions have been taken on this ,proposed up to
date.

Tejgaon and Motijheel area contain several large industries like
pesticide, insecticide, pharmaceutical and other chemical
factories. Hence their waste stream contains various toxic
chemicals. According to DWASA, some of these industries connected
to the municipal sewerage collection system, so they are of major
concern to the operation of the pagla Treatment Plant. Most
industries are not connected to the Municipal sewerage collection
system, and almost none have any type of waste treatment system.
They regularly discharge their raw wastes into the local drainage
system, which ultimately discharged into rivers through the Dhaka
canal systems.

In addition to the major three industrial areas, there are
innumerable small and medium sized industries, some of which have
access to sewer system and some discharges wastes to local drains
and khals. Their cumulative impact will be very significant.

It is apparent that government and industrialists are aware of the
problems, but they continue to dump waste into sewer lime or khals
because it is the usual practice of Bangladesh, because there are
no cheap alternative options and because there is no effective

98



legislation or standards.

4.2.2 Assessment of Impact

As stated earlier, after the construction of GDCFPW, the industrial
wastes are accumulated in some ponds or lagoons inside the
embankment. Hence the water quality inside the embankment zone
become very detrimental adjacent to the industrial belt. This can
be easily understood from Fig. 3.9. In that figure the route of
industrial waste towards the lagoons via canal system can be
apprehended. To visualize the impact, the water quality of inside
and outside of the embankment near Hazaribagh is presented in Table
4.4. It can be seen that D.O is simply Nil in inside water bodies.
It cause a severe public nuisance, odor and can cause diseases. The
outside river condition is also very bad during dry season. It
means that a large portion of Buriganga river is simply unusable
which is a great loss of our valuable water resources.

Again, the industries of Dhaka discharge an estimated 49,000 kg/day
of BOD in the river system in and around the greater Dhaka city.
This polluting industrial load approximately equal the amount of
BOD load from domestic sewage. It has been observed from a
pollution control model that discontinuation of industrial effluent
discharges, can cause significant improvement in the Buriganga
river water quality. (Ahmed, 1988) Acids, alkalis and toxic
chemicals discharged by industries adversely affect the aquatic
life, impair domestic uses of water and prevent growth of micro
organism for biodegradation of wastes.
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Table 4.4 Water Quality of Hazaribagh area inside and outside of
flood protection embankment-----------------------------------------------------------------

Parameter Wet season.
Inside outside

Dry season.
Inside Outside

-----------------------------------------------------------------
pH 6.9-9.4 6.5-8.4 5.5-5.6 5.8-6.2

T.S. mg/1 1627-8580 500-1520 2350-14750 458-1328

0.0 mg/1 Nil 1 - 2.0 Nil 0.0-1.5

BOD 105-1200 70-172 396-1100 100-240

COD 170-1635 120-240 810-1900 160-520
-----------------------------------------------------------------
Source: Karim, 1992

4.2.3 Problems and Needs

As discussed in the previous sections, industrial waste discharge
into open sewers, municipal sewage system and canal system
constitutes a severe damage to the public health and the
environment.

1) Policy: A national environmental policy is essential. Industrial
waste management, program development, combination with other
factors etc. lacks direction due to absence of a clean policy.

2) Institutional Responsibility: Now there is no supreme authority
for overall environmental management. DOE is the national
environmental body but they lack authority because they are not
empowered by legislation. Hence, now there is no co-ordination
among DOE, DCC, DWASA, Directorate of industries and other private
and public bodies.

3) Legislation: The current environmental legislation is "The
Environmental Pollution Control Ordinance of 1977". The ordinance
provided the DOE with power to enter premises for inspection, order
anyone to adopt some measures necessary to prevent, control or
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abate existing or potential pollution of environment. But in this
law there is no standard for pollution, hence, it is impossible to
enforce. No distinction is made between municipal waste and other
special wastes like industrial waste.

Later a "Draft Bangladesh Environmental Preservation Ordinance of
1989" was prepared. This draft expand the power of DOE. It also
address air, water, soil and noise pollution issues. It also
provides power to DOE to establish standards for industrial, toxic
and hazardous wastes. It also defines the penalties. It is reviewed
by ADB but not yet promulgated.

4) Standard: Till now, there is no standard. Hence, one can not
point out some industry that they are polluting the environment,
because we can not point out what is the limit of pollution. Draft
Environmental Quality Standards (DEQS) were developed by the DOE in
1988. The DEQS provides quantitative standards for industrial
discharges to water, air, soil and municipal sewage pipes. These
standards were developed based on a comprehensive study of similar
standards in many other countries. But this is yet to adopt.

5) Permission to industries: Permission of industries are currently
given by several bodies including RAJUK and directorate of
industries. Fragmented control has led to uneven analysis. Again,
these authorities do not give much importance to environmental
issues.

6) Monitoring: The moni toring system is completely inadequate right
now. So impacts of existing industries on public health can not be
obtained. A comprehensive, well-designed monitoring program is
needed to establish the baseline environmental conditions. The
program must include the analysis of effluent, and the impact of
effluent on the receiving water.
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7) Water Quality: Right now, some portions of industrial wastes are
discharged into municipal sewer line. It is imposing some strain on
Pagla treatment plant. Again, major portion of wastes are simply
deposited on roadside drains, canals or other low- lying areas. It
is simply unacceptable. Hence, some immediate measures are needed
in this regard.

4.3 Agricultural Wastes

The Greater Dhaka City Flood Protection Works (GDCFPW) cover a area
of 265.70 sq.km. According to JICA FAP 8A report of March 1991 the
major land use in Dhaka city 1990 is as follows:

Table 4.5 Land use of Dhaka city

Type of use

Residential
Commercial, industrial
and institutional
Roads and others
Village settlement
Agriculture
Water bodies

Urban total

Rural total

Grand total

Source: JICA,1991

Percent of total area

19%
8%

11%
4%

45%
12%

39%

61%

100%

Area in ha.

5,320
2,380

2,930
1,110

12,370
3,430

10,630

16,910

27,540
(or 265.7 sq.km)

So, agriculture plays a very important role in the study area. The
polluting effects of major inputs in modern agriculture like
chemical fertilizer and pesticides along with irrigation will
certainly cause some impact on the water quality both inside and
outside the embankment.
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Urea, Triple super phosphate and Murate of Potash are the major
chemical fertilizer used in Bangladesh as sources of Nitrogen,
Phosphorus and Potassium. But all the fertilizers applied are not
utilized by the crops. As a result, a large amount of fertilizers
is drained out of the land. Nitrogen and Phosphorus contribution to
natural water courses from agricultural land drainage, vary from
1.5 to 11 kg of Nand 0 to 3 kg of P per acre per year. (Ahmed,
1990). The excess of Nand P enhance eutrophication (e.g. lake
aging) and algae growth and leads to deterioration of the overall
water quality.

Pest control is an integral part of modern agriculture but
unfortunately it has the biggest impact on the environment. Some of
these synthetic organic insecticides are rapidly degradable with a
half life of 1 to 10 weeks, but others have a half life of 2 to 4
years. Agricultural run off after spray application may increase
the concentrations of pesticides in rivers, and other watershed to
a level, lethal to all fish species. In river water, a
concentration of 1.4 ppb of endrin will kill half the fish
population in three days. Most species of fish can not survive
insecticides in concentration greater than 1 to 10 ppb. A sub-
lethal dose for fish and birds may not bring immediate danger but
a low concentration can induce reproductive failure and behavioral
change in fish and birds.

4.3.1 Existing Situation

The Dhaka soil is of alluvial type and it is very fertile, which
encourages wide agricultural practice. Usually higher parts of the
project area are used for urbanization. The new developments are
happening adjacent to the high areas. The low lying areas which
comprise about half of the study area used mainly for agriculture.
These areas submerged upto 2 to 4 m during the monsoon season for
several months before the GDCFPW. The climate of the area is
tropical monsoon type and have three agr icul tural season i .e
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monsoon (rainy season) post-monsoon (dry season) and pre-monsoon
(transitional season). Average rainfall is 2000 mm, 90% of which
occurs during monsoon season from May to October. Average
temperature varies from about 20°C in Dec. -Jan. to about 30°C in
April-Sept .. Monthly evaporation varies from 80 mm in Nov. to 130
mm in Aug.

Rice is the major crop within Dhaka area. Supplemental irrigation
is practiced in some of the fields. Depending on land types, soil
and irrigation, rice cropping may be single or double. In the
project area, limited double rice cropping is practiced in medium
low lands. In some low lands, cropping of Transplanted Amon in
Kharif season and Boro in Rabi season is practiced. Present
cropping patterns in each land class have been shown in Table 4.6

Table 4.6 Present cropping pattern

Land form Cropping pattern Flood depth (cm)

1. High land Build up area 0-30
Trees
Limited T. Local Aus
Other crops (potatoes, mustard, vegetable)

2 . Medium high
land

3. Medium low
land

4. Low land

5 . Very low
land

Limited HYV and T. Local Aman
Summer and winter vegetables

Limited HYV Boro

HYV Boro/T. Boro

Limited T. Boro
Watershed

30-90

90-180

180 or above

180 or above

Source: FAP 8B, 1991 T.
HYV

Transplanted
High Yielding Variety

The present crop yield and level of use of inputs are very low
(Table 4.7). This is due to the extent and depth of monsoon
flooding and the high risk of crop damage caused by floods in
premonsoon period which discourage farmers from investing in crop
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inputs.

Table 4.7 Present Crop Yield and use of inputs (Selected crops)
Crops Yield Urea TSP MP Insecticides

ton/ha kg/ha kg/ha kg/ha kg/ha-----------------------------------------------------------------
HYV T. Aus 2.20 75 30 10 0.30
HYV T. Aman 1.30 75 30 10 0.50
Local Boro 1.25
HYV Boro 2.50 115 50 10 0.30
HYV wheat 2.50 120 50 15
Potato 15.00 80 50 40
Mustard 1.00 60 40 0.50
Source: FAP 8B, 1991.

The normal flood period is in between June to September. But
sometimes floods occurs earlier or late. Early floods of april and
May submerge nearly ripened Boro paddy and young Aus and Aman.
Summer vegetables are also destroyed. Late floods damages Aman
paddy. 1987-88 flood caused average crop damage e~timated 110.1
million Taka. Lack of drainage often causes damages to standing
crops.

Floods not only damage crops, fruit plants, vegetables but also
their by-products and animals and poultry.

4.3.2 Assessment of Impact

Due to the construction of embankments, fertilizer and pesticide
residue will come to the lagoons and other stagnant water bodies
before being pumped out to the river. Hence, these chemicals cause
pollution not only to river water but also to ground water and in
city surface water. Some of these are lethal to living bodies, and
may create a threat to ecological balance.

After the construction of GDCFPW, there will be a reduction of
agricultural land due to switch over to other profitable land use.
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Again, fertility inside the embankments will be reduced due to
stoppage of accumulation of fertile silt during rainy season.
Fishery development will also be effected by this protection
scheme.

But inspite of agricultural land and their fertility reduction,
overall agricultural activity will increase after the construction
of GDCFPW. This is because (1) Most agricultural land area will be
used throughout the year i.e two or three crop in one land (2)
Reduction of crop damage due to high floods (3) investment of money
and labor will increase in agricultural land due to safe return.
Besides, many other crop like wheat, pulses etc. will be cropped
along with rice. A future anticipated cropping pattern is in Table
4 .8.

-----------------------------------------------------------------Table 4.8 Future Cropping Patterns
cropping pattern

-----------------------------------------------------------------Land form

1. High land Build-up area
Trees
Wheat + B.Aus + T. Aman
Wheat/potato + T.Aman
HYV Boro + T. Aman
other crops (potato,mustard,vegetable)

2. Medium high land Potato + T. Aus
Winter vegetable + HYV Boro
HYV Boro + T. Aman

3. Medium low land pulse/oilseed/winter vegetable + HYV Boro

4. Low land Winter vegetables + HYV Boro/T. Aman

5. Very low land Limited local Boro
-----------------------------------------------------------------
Source: FAP 8B, 1991.

As stated earlier, the farmers are at present hesitant to invest
more on agriculture due to risk of flood damage. Under controlled
condition, farmers will incorporate more inputs. In this regard,
anticipated future input and yield are projected by Agronomist
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Mallik A. As-Saqui in Table 4.9.

A relative comparison between present and future crop yield and use
of inputs is shown in Fig. 4.1.

Table 4.9 Future Crop Yield and use of inputs (Selected crops)
-----------------------------------------------------------------
Crops Yield

ton/ha
Urea
kg/ha

TSP
kg/ha

MP
kg/ha

Insecticides
kg/ha

-----------------------------------------------------------------
HYV T. Aus 3.00 160 60 30 0.30
HYV T. Aman 3.50 100 60 30 0.50
Local Boro 2.00
HYV Boro 4.00 200 100 60 0.30
HYV wheat 3.50 130 100 30
Mustard 1.50 60 40 0.50
Potato 20.00 200 160 120

-----------------------------------------------------------------
Source: FAP 8B,1991.

With these discussion, it is clear that Agricultural impact on
GDCFPW is two folds. First the total agricultural activity will
increase by 200% because of multiple use of same land and then
secondly 200-300% increase in fertilizer and insecticide
application. Hence the total pollution load will increase to 400 to
600%. So GDCFPW will have a very significant positive impact on
agricultural economy but also create some negative impact on
environment by agricultural pollution.

4.3.3 Problems and Needs

1) Unutilized fertilizer and insecticides carried with irrigation
excess will cause a big pollution problem.

2) Uneven rain in monsoon some times cause damage to crops. Certain
supplemental irrigation is required in this regard.

3) Expansion of irrigated lands will help more yield.
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4) Some drainage congestion may cause crop damage.

4.4 Land use management

In this article, efforts are made to enlight the existing land use
pattern, the balance between agricultural land and industrial land,
the management of squatter, and the optimal use of land. This is
important because after the construction of GDCFPW, 'the land value
will increase sharply and the total project area will become flood
free. As a result, the proper land use management will be a
accessory to the overall efficiency of the project. To assess the
impact of GDCFPW, land use management is a yardstick.

4.4.1 Existing Situation

The most up-to-date review of the existing land use can be found in
the JICA FAP-8A interim report of March 1991. This report provides
a past development of the growth of Dhaka city, the present
condition and a forecast of the probable patterns upto the year
2000.

The major relevant observations extracted from JICA Report can be
summarized below:

the period from 1981 to 1990, the Greater Dhaka
grew at an average annual rate of 5.5%, from 2.8 million
4.6 million, at a rate of 2,60,000 person per year.
same period, the built-up area increased from 104 sq.km

(39% of the city area) to 114 sq.km (43%).

ii) In 1991, it is estimated that the population of Greater Dhaka
city is about 4.8 million. The surrounding areas of Savar, Tongi,
Narayanganj, Keraniganj and the fringes contain a further 2.2
million, for a total Dhaka conurbation population of about 7.0
million.
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iii) Major land use in Dhaka city 1990 is presented in table 4.10
and Fig.4.2.

Table 4.10 Land use of Dhaka city

Type of use Percent of total area Area in ha

Residential 19% 5320 ha
Commercial, industrial 8% 2380 ha
and institutional

Roads and others 11% 2930 ha
Village settlement 4% 1110 ha
Agriculture 45% 12,370 ha
Water Bodies 12% 3,430 ha

Total: 27,540 ha
( 265.57 sq.km. )

Source: JICA,1991

Out of the total land, 39% was in urban use while 61% was rural.

iv) Some of the notable features of the land use are:

# the low proportion of parks, roads, commercial and industrial
areas compared to the residential area.

# slum areas are widely scattered. Usually slum areas house about
a third of city population, but in very small areas.

# the disproportionately large areas used for housing the upper
income group.

# the population pressure on the Dhaka city is very high.

# the city possesses a bad transport system.
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# Alternative developments are limited.

v) It is estimated that the growth rate for Dhaka city will reduce
in the coming years, to an average of 4.6% from 1990-2000 and 2.0%
between 2000-2010, resulting a population of 7.1 million in 2000
and 8.7 million in 2010.

vi) By 2010, the population density will increase farther. The
built-up area will increase from its 1990 level of 114 sq.km (43%
of the city area) to 177 sq ..km (67%) by 2010.

vii) The perimeter of existing built-up areas, which are now used
as agricultural purpose will become major development area. These
marginal lands include the West embankment, East embankment, East
Dhaka and Mirpur.

viii) The percent of slum dwellers compare to the total population
will probably increase in future.

4.4.2 Assessment of Impact

After the completion of GDCFPW the entire Dhaka area will become a
flood free zone. The low lying areas having regular floods will
become much important areas. As a result more area will come under
development, and lot more housing, commercial place and industries
will start functioning. On the other hand people will rush to Dhaka
as it will be a flood free zone. On the combine effect of these two
points some person may start building housing estate, market
complexes, commercial building and industrial areas rapidly. But if
these development will let to go unplanned way, Dhaka will face
some of its worst problems and GDCFPW may become a curse rather
than a blessing.

Increased in-flax of people and unplanned housing may lead to
severe basic utility service curtailment, traffic hazard and total
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environmental degradation. Since most of the incoming people will
be of low income group from adjoining area, large number of slums
will be constructed and problems will be worsen. In order to
maintain minimum level of standard, it is essential that the
Government recognize the nature of the problems and take effective
steps before the completion of GDCFPW.

4.4.3 Problems and Needs

Some of the key problems of land use management are described
below:
1) The lack of an up-to-date Master Plan for long term planning
hampers the growth of the city.
2) There should be a comprehensive urban development policy to
combine the basic issues of urban development. It must include the
right of access to clear water and sanitation and the provision for
shelter for poor people.
3) In the absence of legislation to guide and control land use, no
development standards can be maintained.
4) There is a lack of co-ordination among different organization
involved in urban development.
5) There is no policy for utilize the vacant lands.
6) Some development surcharge must be imposed to finance some
essential public infrastructure and services.
7) An acute need is there for redistribution of land. It is
estimated that (Planning commission, 1991) 70% of the population
(mainly poor) have access to only 20% of the land, while the more
affluent 30% have access to the remaining 80%. Although the RAJ UK
and other private housing companies are providing housing
facilities regularly, but most of these are for middle and upper
income groups. Most housing for poor are developed in unplanned
manner along the urban fringe, in high density pockets in the urban
core, in low lying vacant land subject to perpetual flooding etc.
Again, nearly all of these areas have inadequate basic services.
8) Rapid and uncontrolled growth of slum.
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9) Inadequate basic sanitation for poor people.
10) Indiscriminate filling of drains, khals, and ponds, that means,
leading to increased frequency and severity of local flooding.
11) Uncontrolled infilling of low lands, severely offset planned
flood control.
12) The unplanned densification of the city leads to unsatisfactory
public service like water supply, sewerage, drainage, electricity,
gas and telephone.
13) Increasing traffic congestion due to inadequate provision of
roads and unplanned expansion of service area.
14) There is very little provision for parks and open lands.

4.5 Positive Impacts of the project on some environmental aspects

The GDCFPW is basically a sound project imparting many positive
impacts. In the following sub articles, the positive impacts of
GDCFPW on some environmental aspects are discussed. In this
context, various key features of Dhaka city waste disposal system
are shown in Fig. 4.3.

4.5.1 Flood Protection

The project would protect a area of 265 sq.km from perpetual flood,
(Fig.4.3) an area which is the capital of a country, an area which
is the nerve center for major national activities of ,Bangladesh. It
is a moral setback of all the citizens of Bangladesh if Dhaka goes
under the water.

To assess this impact, it is required to understand what a flood
can do. In 1988, Dhaka people were flooded to an unprecedented
degree with a flood level 1.5 meter (5 feet) higher than normal for
periods of up to four weeks. About 200 sq.km i.e. 77% of the total
area of 265 sq.km were submerged to depths ranging between 0.3 to
over 4.5 meters and that about 2.5 million people i.e. 60% of the
city population of 4.8 million, were directly affected by the flood
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(Art 1.1). Even Dhaka was completely cut off by air link from rest
of the world due to submergence of Zia International Airport. It
was a moral, political and economic setback.

To assess the flood damage, it can be dived into four category:

1) General property damage
2) Public property damage
3) Income and sales loss
4) Disruption in utilities service

The general property damage potential includes (i) Houses (ii)
Household articles (iii) Buildings for commercial activities (iv)
Equipment and stock (v) Theft and transportation damage due to
flood (vi) Agricultural products (vii) Poultry and (viii) cattle.

The public property damage potential includes (i) Public buildings
(ii) Airports (iii) Electricity facilities (iv) Telecommunications
facilities (v) Roads and (vi) Drainage facilities.

The Income and sales loss potential includes (i) Day laborer's
income loss (ii) Shop sales loss (iii) Industrial production loss
(iv) Export earning loss due to shipment delay (v) Export contract
loss due to production stoppage (vi) Electricity consumption loss
(vii) Public transportation income loss and (viii) Vehicles running
cost loss.

The utilities service disruption includes (i) Water supply system
(ii) Sewerage system (iii) Garbage collection (iv) Electricity
supply and (v) Telecommunication facility.

GDCFPW will protect the above mentioned damages. It will protect
damage potential of Tk. 250 million every year, Tk. 530 million
once in 10 years and Tk. 750 million once in 30 years from ravages
of floods. (in terms of 1990 value and 1990 situation). Considering
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the increased activity in the year 2000, the 10 year flood damage
will be Tk. 700 million at 1990 value (FAP 8B,199l). This will
ensure about 4.8 million people (in 1988) or 7 million people (in
2000) a flood free life offering opportunities for happiness and
prosperity of intangible value.

4.5.2 City Development

After the completion of GDCFPW, the entire Dhaka area will become
a flood free zone. The low lying areas having regular floods will
become much important areas. As a result, more areas will come
under development, and lot more housing, commercial place and
industries will start functioning. As stated in Art. 4.4.1, the
built-up area of Dhaka city in 114 sq.km (43%) and it will cover
177 sq.km (67%) by 2010. But this estimation is without considering
the rapid in-migration after the functioning of GDCFPW. Hence, it
is obvious that by 2010, the built up area will be more than this
estimated value, probably 80 to 85%. The perimeter of existing
built-up areas, which are now used as agricultural purpose will
become major development area.

Again, as rehabilitation works after flood need not to be done,
more development work will happen. Roads, buildings, parks etc.
will be construction and maintained better. Moreover, government
and public will be encouraged to invest more in development works.
That will increase not only the development works but also the
external look of the development works.

4.5.3 Road Communication Development

According to GDCFPW plan, some portion (about 30 km) of the dike
will be used as road. Actually, most of the Phase II dikes are road
cum-embankments (Fig. 4.3). It will provide a good alternative
route for city transport system. It may also help in easier
transport of goods from river side to city center. That portion of
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dikes which will not be used as paved road, will also act as a road
for local people for walking.

It can be recommended that part of dike which is not planned to act
as a road (phase I embankment) can also be converted to act as a
road, but in that case, risks should be checked for the integrity
of the dikes. Actually, an improved road could reduce risks for the
integrity of the dike. However, in that case, it can also be
recommended that severe limits on weight must be imposed.

Gaps in the dike system can be by passed to increase the effective
length of the road, with proper functioning of the
road-cum-embankment system, the traffic load on the city center
will also be reduced, and the total road communication system of
Dhaka city will become more effective.

4.5.4 Agricultural Development

As stated in Art.4.3.2 , the GDCFPW will have a positive impact on
agriculture. Yield will increase (as for example, HYV.T. Aman yield
will be increased from present 1.30 ton/ha to 3.50 ton/ha, Table
4.7, Table 4.9, Fig.4.l). Cropping pattern will also change (Table
4.6 and 4.8). Although, after the construction of dikes, some
agricultural land will be converted into other profitable land use
and fertility will be reduced due to non-flooding, overall
agricultural activity will increase. This is because:
(1) Effective use of land i.e, two or three crop will produce in
one year. Currently, 45% of total area which is used for
agricultural activity remain under water for upto 3 to 4 months.
After GDCFPW this period will use for cropping.
(2) Reduction of crop damage. Flooding from both the rivers and
unexpected rains cause considerable damage to crops. Protection
against these will both protect crop and allow additional crop to
grow.
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And
(3) Investment of money and labor will increase in agricultural
land due to safe return.

Hence, it is anticipated that future agricultural activity will
increase 200% i.e, double of the current practice.

4.5.5 Environmental Aesthetics

Trees can be planted on dikes. This will give a pleasant look.
Before covering the slopes of the dikes, horticul turalist or
botanist must be consulted. Things to be looked after about the
perennial tree species are
- that must be aesthetically pleasing
- that produce economic products
_ that do not attract burrowing animals that do not threaten the
integrity of the dike (as would large trees whose roots may create
large holes if the trees are blown over)
_ that do not significantly alter the roughness of the channel
(esp. for river side of the dike).

4.6 Negative Impacts

The GDCFPW creates some adverse impacts on environment. In the
following sub articles, the negative impacts of GDCFPW on some
environmental aspects are discussed.

4.6.1 Integrity of Dikes

A grave concern is expressed with detailed reason behind it in Art.
2.6 about the integrity of the dikes and the engineering design of
the whole project. Already some section of the dikes failed even in
the absence of flooding.
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There is an understanding that soil conditions are poor (Art.2.4
and 2.6), both for the embankment foundation and the embankment
materials. During construction, deposition procedure and compaction
procedure were not according to engineering norm. Again, after the
construction, proper inspection and maintenance are not being
carried out during its operation life.

A dike breach followed by flooding is likely to have much greater
impacts and cause a much higher level of property damage and loss
of life than that situation before GDCFPW. Since, a dam-break
hazard will be sudden and unexpected and since, people will start
to live in a relaxed manner, GDCFPW may convert the pre-GDCFPW
flood hazard into a much more serious future hazard.

From field survey it is experienced that there are numerous large
gaps at many points in the wall section. It is supposed that these
gaps will be closed by local peoples with sandbags. Whether the
sandbags can be obtained in appropriate quan~ities and at
appropriate time are appeared as a major question. Moreover, these
cut gaps may weaken the effectiveness of entire wall system.
Discontinuous embankments also reduce the total stability.

To overcome these problems, a thorough engineering review of the
soil condition, design, construction stability etc. must be done
first. A massive repair work is then undertaken to maintain the
stability of the project. Finally a good inspection and maintenance
work must be practiced.

4.6.2 Dike Routing

The dike routing of GDCFPW is questionable. It is gathered that the
fixation of the embankment alignment was largely influenced by
local powerful people, political and social motive. Several
segmented concrete flood walls of average length of 200 to 400 feet
are constructed at different places. It is much surprising that
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construction of flood walls alternative to embankment in each of
the above places saved only a few families from being displaced.

If a continues embankment in place of embankment cum flood wall
would be constructed, the whole length of embankment from Tongi to
Mirpur Bridge might be used for road traffic which also could help
reduce the traffic congestion (Fig.2.1). In that case, the
construction of proposed feeder road from Mirpur Shirneer tek upto
Mirpur Mazar could also be avoided. It was not understood why flood
wall was designed at some discrete points while construction of an
embankment for the whole length from Mirpur Bridge to Shirneer Tek
could prove more justified, cost-effective and also environmentally
more acceptable.

With proper review of Phase I, dike routing of Phase II must be
made appropriate. If some portion seen to pose great threat in
Phase I, that portion should be replaced with properly designed
one.

4.6.3 Severance

In some cases, the dikes and walls made it difficult to access
riverside activities mainly business activities. According to Azam
(1990), of the 1040 subjects interviewed, some 227 had property
within the area required for the dike. Of the 227, some 20 had
property on both sides (i.e inside and outside) of the dikes, i.e,
houses and toilets, bathrooms, tubewell etc. being on opposite
sides of the dike. Other things are in Table 4.11.

Table 4.11 Severance Problem (out of 1040 person interviewed)

Activity

Daily living

Business activity

Severe difficulties

39

132

Moderate

174

288

Negligible

827

620

Source: Complied by author with data from Azam, 1990.
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Some of the recommendation on this regard as follows:
1) One type of solution is being incorporated now is to leave gaps
in the dikes to allow access to establishments outside the dike.
Gaps will be filled with sand bags during the flood season. But
then a clear planning is required including who will supply these
sandbags, where will these be stock piled, who will be responsible
for blocking the gap, who will pay for all of this and how can
timely implementation be assured.
2) Roads can be constructed over the dike crest at some points
without keeping gaps to provide access to outside of the dikes.
3) Relocation of dwellings or commercial enterprises to areas
inside the dikes.
4) Make careful review of this problem before construction of Phase
II.

4.6.4 Resettlement

In l!lanycases the people whose property has been taken for the
construction of GDCFPW have not been treated just. Sometimes the
practice was often to force out the family living in the acquired
land, to pay for his land and property at a price less than
equitable free market value, and to furnish little or nothing for
rehabilitation costs (cost to the displaced family for moving and
for lost income before becoming re-established in gainful
employment). But the legal basis for acquisition of property for
the GDCFPW rests in a 1989 bill passed in the National Assembly.
The bill calls for consideration to be given to compensating owners
for land at market value and for damages to standing crops or
trees, damages due to severance from the owners other property,
damages to the owner's other property or earnings, and for expenses
for relocation of residence and business.

According to Azam (1990), of the 1040 persons interviewed, 227 had
land in the area required for the GDCFPW, of these 227, 35 had
their entire houses acquired, 51 had part of their houses acquired
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and 141 had only agricultural land acquired. Of the 227, only 20
reported that they had received full compensation, 162 reported
that they received part of the compensation and 45 reported that
they had not received any compensation. In most of the 45 cases
stated above, middleman kept the money cheating the illiterate
landowners. Reason .for partial compensation was about 10% of the
compensation were necessary to expedite the compensation process.

According to Azam (1990), the compensation paid for land acquired
for embankment construction in all the 227 cases was found below
the prevailing market value. The ratio between the prevailing
market value and rate of compensation paid varied from 2 to 5
times. In most cases, the reasons behind these was that, the owners
commonly declare the value of their land to be low in documents of
registration, in order to reduce stamp duties which are based on
the declared value of the land.

Some of the recommendations in this regard are:
1) Existing laws, regulations and practices are not adequate. A
policy must be made for equitable land acquisition process keeping
the present day situation in mind.
2) For Phase II, this problem must be handled carefully.
3) Apart from monetary help, some other type of help can be
introduced like transportation or shipping, unemployment allowance
for interim period, providing suitable job etc.

4.6.5 Extra Damage Outside Protected Area

If water is not allowed to enter into the entire 265 sq.km of
protected area, water level will rise outside the dam. According to
BWDB's evaluation of extra flooding west of the diked area
estimated that the extra water rise at peak flood would be from 1.0
to 1.5 meter. To resolve this problem, we can quote from "Initial
Environment Examination for Dhaka Flood protection Project" DOE,
Oct. 1989 as:

125



"According to the DFPP plan , flooding of Dhaka inside the
dikes will be allowed to occur , up to some specified limit
beyond which gates would be closed, in order to achieve an optimal
balance between damages which will occur within the protected area
and extra damages to communities, agriculture, fisheries, and other
values. The need is for an economic evaluation of the savings
versus losses at various control height so an appropriate plan can
be prepared to compensate the losers who are disadvantaged by the
project".

There are some social point of this problem. people outside the
project area think that due to the construction of GDCFPW, they are
now more flood-porn, the flood level will be higher there, hence
they feel that they will suffer from GDCFPW. This negative attitude
may lead them to sabotage the dike system. First hand discussion
with local people also confirms this.

Some of the recommendations are:
1) Economic evaluation be made between damages
area and outside for various flood height so
management can be done.

wi thin protected
that an optimal

2) Engineering evaluation be made for backwater curves for outside
the protected area to find actual impact. It is understood that
this is being done under FAP-BA.

3) A social awareness program be taken up for people living outside
the protected area about their risk and potential damage. This is
required for reducing the risk of sabotage.

4.6.6 Migration of population to protected areas

The 265 sq.km of Dhaka city will be a flood free zone after the
completion of GDCFPW. As a result, a large number of people will
move within the protected zone mainly from adjacent areas. Even
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now, without flood protection in-migration of rural people towards
Dhaka is very high as it is an expected center of employment.
Between 1961 and 1981, population of Dhaka increased from 754,000
to 3,857,000 at an annual exponential rate of 5.8 percent.
(Bangladesh Bureau of Statistics, 1990). The population of Dhaka
"Pull area" (the RAJUK area which acts as a magnet for
in-migration, most of it is inside the protected area but some is
outside) has a population of 7 million now, 9.86 million in 2000
and 13.48 million in 2010. (FAP 8B, 1991) These figures do not
include the added in-migration after the extra benefit of GDCFPW.

The main reason of relocation of rural people is perceived
employment opportunity. Hence the most of the in-migrant are poor
people and they will certainly increase the slum population (Table
3.2). Again, the people now living in RAJUK area will have a
tendency to move within the protected area as most of them have
their job within the protected area. The medium and rich people
will face some barrier to move but the poor are relatively mobile
and these people will form quick slum within the protected area.
Currently, 61% of the protected area is defined as rural (Table
4.10) indicating a large amount of vacant low lying land. Most slum
will be occur in these areas, increasing the risk of loss of life
and damage in the event of dike break during the flood season.

The present in-migration rate (6.2%, World Bank, 1992) without
GDCFPW, is already creating tremendous impact on city living
standard. The highly increased in-migration rate after GDCFPW will
play havoc on water supply, sewage, garbage collection, public
health, surface and ground water quality, gas, electricity,
traffic, employment, law and order, education and all development
works. This will severely reduce the quality of life of all people
living within the protected zone.

It can be noted that, till now 60% of city population have DWASA
fresh water supply (Fig. 3.1), only 20% have DWASA sewerage service
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(Fig. 3.1), and 50% of the solid waste generated are collected by
DCC (Art. 3.3 .1).

Again, after the formation of new slums, solid waste generation
will be more, but they will pay nothing. Hence DCC have to collect
more garbage with same resources. Now, DCC spends Tk. 26 per person
per year for solid waste management (Art. 3.3), after rapid in
migration, the efficiency of DCC will decrease in terms of per
capita expenditure, unless they spend more.

It is, hence, recommended that
1) An investigation should be taken up to find the actual migration
rate after GDCFPW, migration pattern, settlement pattern and its
impact.
2) Development of all public utility infrastructure to meet the
increased demand.
3) Discourage migration by social work.
4) Repatriation of people to their original home land.

9.6.7 Road Traffic Disruption

Actually the existing embankments or walls is not creating any
problem to the city traffic system. But there will be some
interference during flood seasons when the gaps in the dikes and
walls, normally kept open for traffic are blocked. As a result, a
number of residences and business establishment will be out off. A
solution should be found out not only to improve the overall
effectiveness of the project but also to minimize the risk
sabotaging of the system by affected people. An immediate solution
is that the relocating the people affected by severance problem.

4.3.8 Canal Traffic Disruption

The construction of GDCFPW will block the natural way out of the
canals to the rivers. Some of these canal like Gajaria khal
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connecting to the Balu river, serve as an important commercial boat
traffic route. Hence, GDCFPW will completely annihilate this
service. Alternative transport means like roadway must be
constructed urgently. Again, dikes may alter channel capacity of
the river in the vicinity of the dikes through localized sediment
deposition. A survey in this regard be taken up in near future.

4.6.9 Surface Water Pollution

currently, there are a number of drainage canal system located like
a net within the Dhaka city, collecting water and discharging into

Dsurrounding rivers (Fig.4.3)~ The construction of the flood
protection works will replace these natural drainage channels with
a planned water regime using pumps to discharge waters to the
rivers. But these water are extremely polluted (Table 6.15). These
canals serve as .the recipient body for storm sewage, for septic
tank effluent, for bucket latrine wastes, for uncollected garbage
deposition, unauthorized domestic and industrial waste connection
and urine and feces from katcha latrine and open defecation areas.
Moreover, it also includes the street wash carrying leachate from
solid waste and sewer line overflow from manholes. Due to
deposition of these pollutant, the water quality of canal becomes
severely bad, sometimes it becomes septic with zero dissolved
oxygen. (Art. 6.4.5 and Table 6.15). previously, these water moves
to the river from many points. But now they will remain stagnant
for a day or two, waiting for being pumped out during flood season.
Some urban poor may use this water for their household washing and
make themselves exP6sed to health hazard. The water quality of the,
lagoons are given in table 6.16.

A typical view of lagoon can be seen in plate 4.1.

Again, this polluted water will move to the river by only five pump
stations during flood season and through only five sluice gate at
other time. Hence, river will experience severe point source
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Plate 4.1 View of lagoon
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pollution. Even now, the water quality of river Buriganga is not
good (Table 6.15), when these polluted water mix with river water
at many points thus utilizing the river self assimilating capacity.
When all these polluted water will mix to the river water at five
concentrated point, river self purification capacity will fail,
thus the river resources will be unusable and aquatic life will be
destroyed. Again, after the GDCFPW, rapid in- migration will
increase the production of pollutants and worsen the surface water
quality problem.

This is probably the most significant problem of GDCFPW. The
details recommendation are provided at Chapter 7. But some of the
major recommendation are listed below.

1) Create public awareness among the slum dwellers adjacent the
lagoons and other stagnant water pools not to use the stagnant
water for any household purpose. Children should be prevented to
wash in these waters.
2) Safe water supply by either DWASA pipe line or local Deep tube
well must be ensured.
3) More public toilet will reduce the open defecation.
4) Proper management of solid waste and sewage line and manhole are
essential.
5) Safe water supply system to all residents.
6) Proper sanitation facilities for all dwellers
7) Steps should be taken for better collection, transportation and
deposition in solid waste management.
8) Prevent industrial waste deposition in open place, khals or in
sewer lines.
9) Better agricultural management
10) A good national policy is needed for environmental management
11) Penal action must be imposed.
12) Proper co-ordination is also needed among various government
agencies.
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4.6.10 Ground Water Pollution

As stated in Art. 4.6.9, after the construction of GDCFPW, all
runoff route will be cut off towards the river. There will be five
lagoons from which waters will be either pumped in rainy season or
discharged through sluice gates in dry season. The lagoon water
will contain various pollution load. These polluted water have to
wait for a day or two in the pool before being pumped out into the
river. This is a stagnant pool situation and water will percolate
into the soil. Immediately, the upper water table aquifer will be
polluted. Before GDCFPW there was no stagnant water pool, but now
there will be some stagnant water pool for most periods of the
year. As a result, risk of ground water contamination will
increase. Shallow hand pumps drawing water from upper water table
aquifer near these lagoons will soon be unusable. Due to this,
water supply to slum dwellers adjacent to pool area will be either
from polluted tube well or from polluted pool. And ultimately this
will cause severe health hazard. Actually, right now, at any given
time, 31% to 46% of the slum population is suffering from disease
(Art.3.4.1). Due to ground water movement, a large number of
shallow tube well of surrounding area as well as some deep tube
well discharge will be contaminated. Ground water pollution is
irreversible in some extent and it takes many years to make it back
to its original position. Since water supply system at the
peripheral Dhaka is not good, people have to depend on these
contaminated wells. Hence, it will lead' to a disaster.

To prevent this problem, one should try to stop the pollutants to
come to the lagoon water. This is same as the surface water
pollution prevention stated in Art. 4.6.9. Along with them some
extra measure can be taken like:

1) Good maintenance of pumps.
2) Provision of alternate power source for the pumps
3) Increase the number of pumps in each station so that less time
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will be required for the stagnant polluted water to move into the
river, thus reducing chance of ground water pollution.
4) If possible, increase the number of pump station from five so
that less numbers of pools can from at various low lying areas.

4.6.11 Public Health

As stated in Art. 4.6.9 and 4.6.10, the dike will cut the existing
drainage channels as well as surface runoff leading to the rivers
and resulting the formation of stagnant ponds behind the dikes.
These ponds will be highly polluted by organic, chemicals and
pathogens.

The water from these ponds may be often used by slum dwellers for
household washing purpose, posing a severe health risk. Further,
stagnant ponds are regularly used by slum dwellers for bathing,
which is also risky. From the experience of already existing pools
it can be stated that some of the pools are being used
simultaneously for both defecating and bathing. This is the reason,
why at any given time, 31% to 46% of the slum population is
suffering from disease (Art.3.4.1)

These pools also leads to ground water pollution and thereby tube
well water contamination. This will create health hazard to a
larger area and to a larger community. Again, the ponds could
become the breeding ground for disease vectors, mosquitoes, etc.
This will also make the city life uncomfortable.

The huge immigration to Dhaka city due to existence of a flood
protection system will create an impact on public health. Even now,
proper health facilities are not available to all slum dwellers.
After the occurrence of much more slums, the public health
condition will be worse. Most of these new slum will have no
medicare facilities at all. To overcome this, slum development as
well as social awareness preventing in-migration is essential.
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4.6.12 City Drainage System

The existing city drainage system includes a complex network of
lakes interlinked with a number of khals discharging into the
surrounding rivers (Fig.4.3). They are super linked by some open
drains and piped drainage system. The existing condition of
drainage system is extremely poor due to land reclamation for
expanding development settlement by filling up part of lakes, khals
and bills. This degraded the water quality of lakes and khals. The
dissolved oxygen levels are very low in large reaches of khals and
lakes, and even anaerobic septic condition prevail at some points
due to inflow of sewage and industrial effluent and impaired
outflow and drainage. (Art. 3.5). The deteriorating water quality
has seriously degraded the aesthetic, recreational and fishing
values of these water bodies and has sometimes converted them into
nuisance and malodor. After the construction of GDCFPW, every
natural drainage will be blocked and it may worsen the already sick
drainage system.

In the plan of GDCFPW, there are provision of five pumping station
to discharge the drainage water into the river in rainy season and
of five sluice gate to do the same in dry season. During the rainy
season, which usually lasts for about seven to eight months, the
proper functioning of pumping system is essential.

The cost of pumping is a permanent cost. Till now, it is not
decided weather the pumps will be run by diesel engine or electric
engine. Both involves some set up cost and fixed running cost in
addition to the cost of pumps themselves. Again, how effective will
be the total pump out operation to drain all incoming water is
questionable. Further, the most significant negative impact will be
the serious environmental consequences in case of pumping system
failure.
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To reduce the problem proper design and operation of the pumps are
important. Enough spare parts and repair tools be stockpiled at the
site in case of sudden breakdown. Mechanics and operators should be
available at all times in case of emergency. They must be inspected
time to time for better management. For electric pump, multiple
connection should be provided in case one of lines remain inactive.
For diesel engine, enough fuel must be stockpiled. In case the
entire pump system goes out of order, there must have certain
alternative to coop with the situation.

4.6.14 City Sewerage System

Actually, if the city sewerage system function properly, GDCFPW
should not have any interaction with the sewer system. Only one
question can be raised that water elevation outside the dikes will
be higher than inside, and the sewerage system may not drain
properly during floods. This is evident as without GDCFPW, the
functioning of the sewage system is greatly impaired during floods.
Hence, the pump capacity of the existing lifting station should be
increased and the discharge canal by which treated sewage make
their way to river must be improved. This canal must be fitted with
sluice gate and a heavy duty pumping capacity.

But 80% of the city population are not served by DWASA sewerage
system (Fig.3.l). Most of these excreta goes to the river without
on-site treatment. Again, part of piped sewer discharge are
by-passed to the river by canal system without treatment. These
creates a great deal of pollution to the khal system, lagoon
system, river system and ground water system. A much improved
sewerage system and properly equipped treatment plant is necessary
to overcome this problem. Moreover, due to rapid in-migration after
GDCFPW, this problem will be worsen.
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4.6.14 Fisheries

Fish are a very important component of the local diet and fishing
is one of the major economic activity of riverain villages. Most of
the local fish population within the protected area are, by some
extent, dependent on periodic flooding. After GDCFPW, this practice
will be cut off. Hence, to continue with this business, the
fisherman of the low lying area of Dhaka have to buy young fish,
have to apply nutrients into the ponds or lakes. This will
certainly offset the whole activity. One of the solution is to
allow floodwater to enter the protected area in a controlled
manner. The other solution is to supply young fish, fertilizer and
other nutrients to the fishermen at a subsidized rate.

River fisheries will also be reduced after GDCFPW. Before the dike
system, the polluted drainage water mix with the river at vary many
points. Due to self assimilating process, the dissolved oxygen
level remains upto minimum requirement except some highly polluted
points. But after GDCFPW, the total polluted drainage water will go
to the river at only five points. With this excessive pollution
loading, a large reach after these points will remain septic or
anaerobic. No fish can live within this zone. Occurrence of this
zone at a certain interval will prevent fishes to move freely. As
a result, fish will experience some discrete pool of water in
between two anaerobic zones. This certainly hamper their natural
growth and reproduction. The only way to improve this condition is
to improve incoming water quality.

4.6.15 Soil Erosion

As stated earlier, most of the dikes are not properly constructed.
Hence, soil will be eroded from construction area and borrow pits.
As a result drainage channels, river channels and low lying
agricultural areas will receive sediment loads causing water
quality deterioration and loss of agricultural production. Hence,
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proper requirements for soil erosion control should be included in
the contract specification and strict supervision must be practice
during construction.

Again, during operation of system, soil erosion may continue from
the dikes causing sedimentation of water ways and fields. This will
also reduce strength of the dikes. Suitable vegetation on the dike
is required to overcome this.

4.4 Conclusion

The concept of GDCFPW appears to be sound in providing protection
to the country's capital area, provided that the system is properly
designed, constructed and operated. Actually, any development work
must be preceded by a feasibility study which identifies all
negative impact and ways to overcome that. Because of devastating
experience of 1987 and 1988 flood. this project started without
FS/EIA copping with the urgency of the situation. Naturally, some
negative impacts are now appearing in this relatively very sound
project. The most significant planning and construction deficiency
is that of the stability and integrity of the dike and wall system.
Failure of dike will lead to catastrophic damage which will be more
hazardous than previous stage. If dike and wall system remain
workable with proper maintenance practice, the Greater Dhaka city
flood protection works (GDCFPW) will provide an excellent much
needed flood protection with some additional benefit in
agriculture, communication and city development.

Some of the negative impacts are inevitable like in-migration of
rural people and canal traffic disruption etc. These can be taken
care of by proper policy making, sound implementation and effective
maintenance. A very signi ficant problem is associated with the
surface and ground water quality. Even without the GDCFPW, the
river, khal and lake water quality in and around the Dhaka city is
extremely poor. After the GDCFPW, it will further deteriorate. If
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this problem can not be addressed properly, it will aggravate much
more as large number of in-migrant will increase the polluting load
within few years. Besides implementation of some big engineering
projects, solution of this problem depends largely on social
aspect. The primary sufferer of water pollution problem is urban
poor and since engineering solution can not be provided over night,
the problem can be by passed with good social science practice.

Socio-economic impacts of the project on the urban poor is very
significant. Actually, they are the most direct beneficiary of the
project and probably, they are the worst affected by the project.
First, they faced severance and resettlement problem due to wrong
dike routing. Some of them, then, lost their job due to reduction
in fisheries, change in agricultural pattern, canal traffic
disruption and finally, they are exposed to public health hazard
due to water pollution and rapid in-migration of rural poor. Again,
they will get blessing from GDCFPW, as they can live a damage less
flood free life and there will be more job opportunity with
increased industrial, agricultural and business activity along with
rapid city development.
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CHAPTER 5
EXPERIMENTAL PROGRAM

5.1 Introduction

This chapter describes the various parts of field survey,
questionnaire survey, data collection and laboratory test program
undertaken in this study. The purposes, equipments used and the
experimental procedure of each parameters are described and
presented in some details. The scope and limitations of each parts
are considered and discussed.

5.2 Project Site Visit

To make a preliminary assessment of the impact of the Greater Dhaka
City Flood Protection Works on various environmental aspects in
general and on domestic waste disposal on particular, several field
visits have been made to many parts of the embankment system. This
helps in determining the integrity and stability of the embankment,
its routing, severance, resettlement, slum development, surface
water pollution, river water pollution and communication system.
The field visits are made during January 1991 to February 1992.
During such visits some photographs have been taken which are
included in chapter 3 and 4. Moreover, local people and on-site
officials have been interviewed to assess the impact of the
embankment system. A detailed discussion on project site visit has
been made in the next chapter.

5.3 Data Collection

In order to assess the impact of GDCFPW on domestic waste disposal
system, it is mandatory to have sufficient data on various aspects.
An intensive data collection program Has been a continuous program
throughout the duration of the study. DCC, DOE, DWASA and DI
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provided significant data. In addition to this, many previous
research papers also proved helpful in providing information.
However, many relevant data are not found as these have been never
conducted. These tests are subsequently done in order to obtain the
data. Some of the existed data are very old, hence these tests were
also done. Because of the importance of some of the data, a number
of tests are repeated for cross checking.

5.4 Laboratory Test Program

As indicated in Art. 5.3, there are three compelling motive behind
the tests of various items. These are:
1) Unavailability of required data,
2) Obsolete data and
3) Cross checking of available data.
Subsequently, various tests are performed.

A questionnaire was prepared (Annex) and a door to door survey was
conducted to collect comprehensive information on solid waste, as
the data for the individual component of solid waste for allover
Dhaka is not readily available. Hence, two small localities were
selected for collection of garbage generated there for physical
analysis. One of these two areas are "Becharam Dewry Road" in old
part of the Dhaka representing low and medium income group and the
other study area is Dhanmondi RIA, Road No. 11 representing high
income group. Garbage samples in polyethylene bags were collected
from a number of households and weighed immediately after receiving
in the laboratory. The sealed bags, thereafter were emptied into a
bowl and mixed thoroughly. Two mixed samples each weighing 3 kg
were taken and analyzed to establish the constituents such as: food
waste, paper, can, plastic, glass, ceramic metals, brick, wood,
textile, leather, rubber etc. Average physical analysis of garbage
is given in table 6.4. Density was also determined and presented in
table 6.5. With some simple calculation, solid waste generation per
house hold and garbage generation per person per day were also
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calculated and given in table 6.5.

Although, piped sewage do
characteristics of sewage taken
overflow from manholes and pipe
hence lagoon water.

not interfere with GDCFPW,
from sewer line were tested sewage
leakage will mix with canal water,

Characteristics of leachate from solid waste were tested as
leachate from road side garbage agglomeration will cause wide scale
water pollution. To improve this situation better solid waste
management is essential. Hence, chemical analysis of solid waste
was done to determine moisture content and fixed residue in order
to find the best alternative of solid waste disposal.

As described in Art. 3.4, the raw sewage from slum area will cause
the most devastating water pollution problem after the construction
of GDCFPW. So, water collected from slum area drains were tested
with much importance. To visualize the deteriorating water quality
in canals, lakes and rivers, water collected from two lakes, from
two points of two canals and one water sample from Buriganga river
were also tested. Finally, the lagoon water from two lagoons were
tested to assess the impact of GDCFPW on environment, particularly
on domestic waste disposal system.

5.5 Selection of Required Tests

There exists various parameters which can be tested for single
sample. But all of them are not relevant for the present study. So,
some selected parameters were tested for various samples. For the
chemical analysis of solid waste, only two parameters were
determined namely moisture content by wet mass basis and fixed
residue as a measure of inorganic portion of garbage. For
determining the characteristics of sewage, leachate, water from
slum area drains, water from canals, lakes and rivers and water
from lagoons, mainly five tests were performed, namely, pH, Total
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solids, Chloride, Nitrate, Phosphate, Bio-Chemical Oxygen Demand
and Chemical Oxygen Demand. In addition to this, Temperature,
color, turbidity, alkalinity, electrical conductivity,etc. could
have been tested. But due to limitations of laboratory facilities
and other physical constraints, these parameters could not possible
to monitored.

5.6 Collection of representative sample

Water or waste water samples must be collected in a proper manner,
as it has great importance from the contamination point of view.
However, sampling for ordinary chemical analysis requires no
specific precautions other than collecting it in a clear glass
container of good quality having glass stopper; Samples for
bacterial analysis must be collected in a sterilized bottle with
stopper.

Samples of waste collected from different sources should fairly
represent the body of the waste from which they were collected.

5.7 Experimental procedure

Among the tests performed, some are physical, some are chemical and
others biological. The experimental procedure of this parameters
are discussed in brief in this section.

E!! The term pH is used to express the acidic or alkaline
condition of a solution. It is a measure of hydrogen ion
concentration and is important in practically every phase of
Sanitation Engineering practice. pH was determined by ASTM D1293-84
(ASTM, 1988, SECll, P-197) where the determination is carried out
by electrometric measurement using the glass electrode as the
sensor. pH is also determined by colorimetrically by choosing
indicators with colors that are highly pH dependent, 'in HACH DREL/5
spectro photo meter (HACH, 1984, P-2-227).
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Total solid : Solids may be classified as total solids, dissolved
solids and suspended solids. Total solids refer ,to the matter
remains as residue upon evaporation and drying at 103 - 105

e

C.
Determination of total solid was made by standard Method 209 A.
(Standard Methods, 1985, p-93).

BOD: The bio-chemical oxygen demand (BOD) is the amount of Oxygen
required by the living micro organism in waste water to oxidize the
organic matter present which serve as food for them. The BOD test
measures the oxygen required for the bio-chemical degradation of
the organic material and the oxygen used to oxidize inorganic
material such as sulfides and ferrous iron. BOD test is widely used
to determine the pollution strength of the waste water and to
indicate the oxygen depletion rate of the receiving water bodies.
BOD tests were performed according to the recommended procedure
described in "standard Method 507". (Standard Methods, 1985, p-
525) .

COD : The chemical oxygen demand (COD) is used as a measure of the
-- .oxygen equivalent to the organic matter content of a sample that is
susceptible to oxidation by a strong chemical oxidant. In the
determination of COD, equal volume (10 ml) of diluted sulfuric acid
and standard potassium per manganate were added to 100 ml of sample
and heated in a water bath for 30 min .. 10 ml of standard ammonium
oxalate was added to the boiled sample. The standard potassium
permanganate was then added to the mixture until first permanent
pink color was obtained. The COD value was obtained from the
additional volume of standard potassium permanganate added to the
sample.

Chloride : Chloride in the form of chloride (Cl-) ion, is one of
the major inorganic anions in water and waste water. The chloride
concentration is higher in waste water than in raw water because
sodium chloride is a common article of diet and passes unchanged
through the digestive system. A high chloride content may harm
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metallic pipes and structures as well as growing plants. Chloride
is determined by standard methods 407A (standard Methods, 1985, p-
287) and ASTM D-5l2B-8l (ASTM, 1988, SEC-ll, P-310).

Nitrate : In water and waste water, the forms of Nitrogen of the
greatest interest are Nitrate, Nitrite, Ammonia and organic
Nitrogen They are of interest for many reasons. Nitrate is an
essential nutrient for many photo-synthetic auto tropics and in
some case has been identified as growth limiting nutrient. Nitrate
is determined by cadmium Reduction method using "Nitraver 5"
Nitrate Reagent in HACH DREL/5 spectrophotometer (HACH, 1984, P-2-
181).

Phosphate : Phosphorus occurs in natural waters and in waste waters
almost solely as Phosphates. They may come from water treatment
plant, from laundering or other cleaning, from boiler water
treatment, from food residue, from waste treatment plant, etc.
Phosphorus is essential to the growth of organisms and can be the
nutrient that limits the primary productivity of a water body. In
instances, where phosphate is a growth limiting nutrient,
agricultural drainage or certain industrial wastes to that water
may stimulate the growth of photo synthetic aquatic micro- and
macro-organisms in nuisance quantities. Phosphorus is determined by
Ascorbic Acid method using "Phos Ver 3" Phosphate Reagent in HACH
DREL/5 spectrophoto meter (HACH, 1984).

Moisture content : The moisture content of solid wastes usually is
expressed as the mass of moisture per unit masses of wet or dry
material. In the wet mass method of measurements, the moisture is
expressed as a percentage of the wet mass of material, and in the
dry mass method, it is expressed as a percentage of the dry mass of
the material. The determination is made in Laboratory by wet mass
basis, in accordance to IS (Indian Standard): 9235-1979. According
to IS drying is done at 105°C in a drying oven to constant mass.
The calculations is like,
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where

Moisture content =
c-e
c

X 100

c = net mass, wet
e = net mass, dried
Moisture content of solid waste is important in deciding the
treatment mode.

Fixed Residue : The portion of the sample which does not decompose
when heated upto 600De is called the fixed residue. It is a measure
of inorganic portion in the sample. This can be determined by
firing the sample at 600De for 1 - 2 hour after the samples have
been dried. The organic fractions will be converted to carbon
dioxide, water vapor and other gases and will escape. The remaining
material will represent the inorganic or fixed residue. The
determination is made in laboratory in accordance to IS 10158-
1982. The sample is kept in a furnace temperature of 600

De for 2
hours.

The calculation is like,

volatile Substance (VS) = Ini tial Mass - Final Mass
Ini tial Mass

Fixed Residue (percent by mass) = 100 - VS

Here initial mass indicates the mass of moisture-less sample. Fixed
residue of solid waste is also important. It influences the final
residual volume of landfill site and compost plant.
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CHAPTER 6
RESULTS AND DISCUSSIONS

6.1 Introduction

In order to assess the impact of
Protection Works on the disposal of

Greater Dhaka City Flood
domestic wastes and other

related environmental factors, a site visit and a field survey was
undertaken. To quanti fy this impact, sewage from sewer line,
leachate from solid waste, surface wash from slum area, water from
canals, lakes, river and lagoons were tested. Moreover, the
chemical analysis of solid waste was also done. To compare and
conclude on the characteristics of various samples, existing data
were also collected from different organizations and research
papers.

6.2 Discussion on site visits

Details of the site visits to assess the stability and status of
flood protection works are provided in article 2.4, 2.5 and 2.6. It
was found during the site visits that, earthen embankments are
unstable in many sections and RIC walls are severely cracked in
some areas. Besides, soil erosion beneath the structures due to
faulty design and construction was also observed. Of the embankment
from Tongi to Kellar Morh, the portion which is posing serious
instability threat is that between Mirpur to Gabtali. From table
2.2, it can be seen that 37.3% of the total embankment require
rehabilitation.

Through site visits it has been observed that there are numerous
and large gaps at many places in the wall section. It is supposed
that these gaps will be closed by local peoples with sandbags. But
there are no detailed plan for managing the gap closing operations.
Whether the sandbags can be obtained in appropriate quantities and
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at appropriate times, are appeared as a major question. There are,
again, no plan for controlling the placement of sandbags in these
cut gaps. Moreover, these cut gaps may weaken the stability of
entire wall system.

During site visit, it was also found that, numerous drains have
been running beneath walls. These are also supposed to fill with
sandbags, but no designs have been found for controlling these.

Through meetings with affected persons, it has been learned that
persons located outside of the protected area have much anxiety
fearing that during a high water time they will suffer more than
they would if there were no dams and walls. Even, there have been
threats of cutting dikes during flood time. This is ,serious enough
to get more attention.

With some first hand site visit, some other problems also came to
focus. On embankment near Mirpur bridge, it was found that a lot of
cattle were grazing over the embankment. Also there were
agglomeration of straw at many points. These encourages the
habitant of rats and mouses. With constant movement of cattle and
rats, embankment integrity is at stake (plate 2.2).

It is also found that vegetable markets are functioning over the
embankment. This leads to misuse of embankment.

Through site visits, it is observed that segmented concrete flood
walls of average length of 200 to 400 feet are constructed at
different places like Mirpur Boro Bazaar, Harirampur, Jahanbad,
Diabari etc. It is very much surprising that construction of flood
wall alternative to embankment in each of the above places saved
only a few families from being displaced. As for example, at
Diabari only 2 families were saved from displacement at the cost of
200 feet flood wall. Moreover, still there are houses which fall
out side the flood wall at these places. The main reason of these,
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most probably, local influence, political and social motive.

If a continuous embankment in place of embankment cum flood wall
would be constructed, the whole length of Embankment from Tongi to
Mirpur Bridge might be used for road traffic which also could help
reduce the traffic congestion. In that case, the construction of a
feeder road (proposed in the present project) from Mirpur Shirneer
Tek upto Mirpur Mazar could also be avoided. It was not understood
why flood wall was designed at some discrete points while
construction of an embankment for the whole length from Mirpur
Bridge to Shirneer Tek could prove more justified, cost-effective
and also environmentally more acceptable.

With all these discussion, it reveals grave concerns about the
integrity of the engineering design and construction of the GDCFPW
dikes and walls. It is an alarming situation, because the GDCFPW
may be converting the pre-GDCFPW flood hazard into a much more
serious future dam-break hazard. In 1988 flood, water level was
increased by 30-40 cm per day. But in a dam-break situation, water
level can increase by meters per hour and be associated with high
velocities. It is obvious that, the death number will increase
catastrophically if the flood situation become a dam-break
situation.

6.3 Water Quality Standard

To use the term 'polluted', one should have some standards. When
the quality of water exceeds the tolerance limit of the standard,
only then the water becomes polluted. There are many standards for
different parameters. Some Bangladesh standards are given in table
6.1(a) and some international standards are given in table 6.1(b).
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TABLE 6.11 a) Water quality standards of Banqladesh
Parameter Unit Drinkinq water Fishinq water
Acidity mqll NYS < 20
Alkalinityltotal} mq/l NYS 70-100
BOD mq/l 0.2 6
Calcium mall 75 NYS
Chloride mall 150-600 600
COD mall 4 NYS
Coliform(fecal) nllOOml 0 NYS
Coliform(totall nllOOml 2 5000
Color Hazen unit 15 Normal
DO mqll 6 4-6
Nitrate mqll 10 NYS
Hardness mq/l 200-500 80-120
pH -- 6.5-8.5 6.5-8.5
Phosphate mall 6 10
Temperature °c 20-30 20-30
Turbidity JTU 10 NYS

Source: DOE,199l NYS: not yet standardize

TABLE 6.llbl Selected international water quality standards
Parameter Standards Authority
Suspended Solids 30 mqll USEPA
Turbidity 5 NTU WHO
Color 15 ppm WHO
Tastes and Odor 3 TON USPHS
Dissolved Solids 100 mall WHO
Hardness 500 mall WHO
Fluoride 1.5 mall WHO
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6.4 Test Results and Discussions

In the following sub articles, the various test results are
incorporated which were under taken for the study. Subsequent
analysis of the test results and its correlation in the assessment
of the impact of GDCFPW on domestic waste disposal and environment
are also discussed.

6.4.1 Sewage Characteristics

Theoretically, the lined sewer should not have any interference
with GDCFPW as the sewage flowing through the sewer lines are
treated and disposed into the rivers. But due to faulty
maintenance, raw sewage may overflow from sewer lines and manholes.
Finally, these may carried to the stagnant pools by surface runoff,
there by causing great pollution. Hence, the sewage characteristics
of Dhaka city was determined to evaluate the impact of the project.
Test results are given in table 6.2. Typical analysis of municipal
waste water in general is shown in table 6.3.

l'hh6TABLE .2 C aracterist1cs of t e sewaqe 1n sewer 1ne

I Parameters I Typical (mg/1 ) I Range (mg/1 ) I
pH 6.56 6.25 to 6.75
Total solids 5210 1000 to 6000
Chloride 2330 110 to 3500
Nitrate 135 15 to 150
Phosphate 3.0 2 to 50
COD 4600 1000 to 6000
BOD 1100 500 to 1500

Note: Based on 3 tests conducted between Nov.,9l and Jan.,92
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Constitute, mg/L* Concentration range Ref
~c

Solids, Total 350 to 1200 1

Dissolved 250 to 850 1

Suspended 100 to 350 1

Biochemical oxygen demand,S dav,20oC 110 to 400 1

Total oroanic carbon (TOC) 80 to 290 1

Chemical oxvcen demand (COOl 250 to 1000 1

Nitroqen 20 to 85 1

Phosphorus 4 to 15 1

Chlorides 30 to 100 1

Alkalinitv (as CaCO. ) 50 to 200 1

Temperature (in decree Farenhit) 55 to 90 2

pH (unit less) 6.8 to 7.8 2

Total Bacteria oer 100 ml (30 to 76) X 10. 2

Total Coliform per 100 ml 130 to 1101 X 10. 2

Total Fecal Coliform per 100 ml (4 to 1401 X 10' 2

Table 6.3 Typical analysis of municipal waste water

* Unless otherwise noted
Ref.l=Metcalf & Eddy,Inc.1979
Ref.2=Atkin, USEPA Training Manual

It can be easily understood from the tables 6.2 and 6.3, that Dhaka
sewage is highly polluted. It is more acidic than typical value
(6.75 compared to 6.8). COD, BOD and Total Solids of Dhaka sewage
(4600, 1100 and 5210) are much higher than international typical
value (1000, 400 and 1200 respectively). Chloride, Nitrate and
Phosphate concentrations are also very high. Unless sewerage system
to be ensured to be safe, the sewage spill will create problem by
degrading the water quality of protected area.

The range shown in Table 6.2 is very wide. This is because its
pollution load sometimes reduces due to rain.
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6.4.2 Composition of Solid Waste

(A) Physical Composition: The physical composition of the waste
components varies widely with the location and seasons of the year.
Since many of the reusable items are reclaimed at various stages,
it is difficult to ascertain the characteristic physical
composition of the refuse.

i) Individual Component:
given in table 6.4.

Average physical analysis of garbage is

Table 6.4 Individual component of solid waste of Dhaka city

Component

Food waste
Paper
Can
Plastic + Rubber
Glass + Ceramic
Metal + Wood
Textile + Lather

Low & medium income area
( % )

88.65
5.20
0.00
0.69
1. 78
2.43
1. 25

High income area
( %)

82.15
7.33
1. 87
1. 23
1. 93
3.57
1. 96

Note: Based on house-to-house field survey as described in Art. 5.4

But it is important to note that these values are time, area and
household specific. It is not the replica of entire city status but
it can help to visualize the entire picture. It can be found from
the table 6.4 that food waste constitutes most parts of the Dhaka
solid waste. Again, the percent of food waste generated by lower
income group is slightly higher than high income group. It is
because lower income group usually do not discard any material
which has some recycle value. From the same table (6.4), again it
can be concluded that incineration is not suitable in Dhaka as
major portion is organic matter. On the other hand, due to the same
reason, sanitary landfill or composting is suitable for Dhaka city.

ii) Density:
6.5. In Art.

Density
3.2.1,

was also determined and presented
it is reported that density is 225
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per capita per day collection of solid waste is 0.27 kg, both are
different from this study. Density variation is explained by the
fact that solid wastes differ from location and season. The very
low garbage generation value compared to average value is because
of huge solid waste generation of markets, street sweep and
construction debris. Density of solid waste is important as it will
influence the life time of a given landfill site or landfill area
required for a given design period.

Table 6.5 Properties of solid waste of Dhaka City

Low & Medium income area High income area

Density ) 284 217(kg/m )

Solid waste
generation per 2.74 2.18
house hold (kg)

Garbage generation
per person per day (kg) 0.27 0.31

Note: Based on house-to-house field survey as described in Art. 5.4

Typical waste generation rates for municipal sources in general are
reported in table 6.6.

Components that typically make up most municipal solid waste and
their relative distribution are reported in Tables 6.7.
Typical densities for various wastes as found in containers are
reported in Table 6.8.
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Location
TABLE 6.6 Typical municipal waste

Kanpur, India
Calcutta, India
Dhaka, Ban 1adesh
Dhaka, Ban 1adesh

Source:
Ref.1=Peavy, Rowe & Tchobanog1ous,
Ref.2=Crawford and Smith, 1985
Ref.3=pandey & carney, 1989
Ref.4=Ahmed & Khandakar, 1989
Ref.5=World Bank, 1991

eneration rate
Refuge generated Reference
(k /capita/day

1.600 1
0.845 2
0.415 2
1.060 2
0.300 3
0.570 3
0.500 4
0.520 5

1988

av .)
Asian Cities
Middle Eastern Cities

United States (avera e
United

TABLE 6.7(a) Typical composition of municipal solid wastes

I I Percent by mass !, , ,
Components Range Typi- U.K. Asian M.E. Den- Davis Vene- Calc-

(3) cal (1) City city mark Cal. zuaia utta

(3) (1) (1) (2) (3) (3) ( ')

Food waste 6-26 14 2B 75 50 15 B.3 27.4 11.43

Paper 18-60 41 37 2 I. 39 46.7 28.5 3.5

Plastics 2-B 5 2 1 1 10 •.9 ••• 0.3

Textiles 0-' 2 3 3 3 5 2.5 2.3 •••
Glass 4-16 B 9 0.2 2 10 7.5 10.3 1.04

Metal 1-5 3 9 0.1 5 5 3.B 1.3 0.92

Others 3-51 27 12 12.7 23 I. 24.3 25.6 78.41

Densi ty Kg/m
3 -- -- 132 570 211 -- -- -- --

weight/person/day -- -- 0.845 0.415 l.060 -- -- -- 0.57

pH 7.3

Ref: (1): HaImes, 1981
(2): Crawford & Smith, 1985
(3): Peavy, Rowe & Tchobanoglous, 1988
(4): Pandey & Carney, 1989
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ypical composition of municipal solid wastes

. Paper Rub- Plaa Me- Glass Earth othe Com-
ber tics tala ra pos-

y & tible
- Lea-

ed ther
3.09 0.49 0.57 0.51 0.29 46.6 15.0 33.41

4.76 0.63 0.59 0.39 0.34 34.97 19.6 39.76

3.80 0.62 0.81 0.64 0.44 41.81 11.7 40.15

7.07 0.86 0.86 1.03 0.76 31.74 15.9 41.69
show percent by mass
& Carney, 1989

.cal densities of solid wastes (kg/m3
)

lid Waste I Range ! Typical !
90-180 130

compaction truck) 180-450 300
(Compacted normally) 350-550 475

(well-compacted) 600-750 600
Row & Tchobanoglous, 1988

I Average I
m 132

570
n Cities 211
rd & Smith, 1985

I average I
225

ns 275
the disposal site 575
Bank, 1991
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categories No
of

population cit
atu
di

Household
Collection bi
Unloading at

Source: World

I Dhaka

I Location
United Kin do
Asian Cities
Middle Easter

Source: Crawfo

TABLE 6.8 Typl

< 2 lakha 9
2-5 lakha 15

5-20 lakha 7
> 20 lakha 2

Note: Figures
Source: Pandey

I Municipal So
Uncompacted
Compacted in
In landfill
In landfill

Source: Peavy,

TABLE 6.7(b) T



From table 6.6, it is clear that garbage generation of Dhaka city
is low compared to other cities. Moreover, DCC collects only 50% of
the waste generated. But still Dhaka is facing severe problem. So,
unless Dcc takes proper care, Dhaka will face a serious problem.
From table 6.7(a) it is clear that Dhaka garbage have huge organic
waste compared to other cities. Hence, incineration is not suitable
for Dhaka garbage. From the table 6.7(b), one can point out that
the effect of population on the composition of solid waste is
obvious. For example, paper, rubber and leather, plastics, metals
and glass increase with the increased population of the city. The
total compostable matter also increases with the size of the city.
From table 6.8, it can found that most developed cities compact
their waste to increase the lifetime of landfill. DCC should start
advanced collection and disposal methods to make the operation
efficient.

B) Chemical Composition: Among many chemical characteristics of
municipal refuse, the two most important properties are determined
in laboratory, namely moisture content and fixed residue.

i) Moisture content: Moisture content of various sites of Dhaka
city solid waste is presented in table 6.9. This table shows that
Dhaka solid waste has about 45% moisture content on ,average, which
yields that it is not suitable for incineration.

ii) Fixed Residue : Fixed Residue of various samples tested are
shown in Table 6.9.

composition of solid waste of Dhaka city

I Typical I Range I
45 40 to 60
64 60 to 80Fixed residue

Note: Based on 7 tests.

Table 6.9 Chemical
I Element (%)
Moisture content
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idue of solid waste is very important. It influences the
sidual volume of landfill site and compost plant. Dhaka

a typical fixed residue value of 64% (Table 6.9). This
not suitable for composting. So one can conclude that
landfill is the most suitable method for Dhaka solid waste

alues of moisture content for different categories of
ased on population) is presented in table 6.10.

o Moisture Content of solid waste
percent(%),

ith population wet mass basis

n 2 lakh 22.116
h 25.05
kh 25.45
n 20 lakh 31.18

I
41.1

I) 15--40
dopted from Pandey & Carney, 1989
Tchobanoglous & Eliassen,1977

composition of solid waste in Dhaka city of the year 1986
ted in Table 6.11.

1 Chemical composition of solid waste in Dhaka city

te Domestic refuae (%) Market refuae (%)

content 45.3 53.6

sidue 57.2 55.6
22.6 25.7
0.41 0.36

ous 0.05 ----

hmed, 1986
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Source: A

Nitro en
Carbon
Fixed re
Moisture

Less tha

Constitu

Category
Cities w

2--5 lak
5--20 la

TABLE 6.1

Chemical
is presen

More tha

I
Calcutta

.Range (*
Source: A
(*)~From

Fixed res
final re
waste has
value is
sanitary
disposal.
Typical v
cities (b

TABLE 6.1



6.4.3 Characteristics of Leachate

Leachates are generally classified as high strength waste water.
Any solid waste dump contains solid (refuse and soil), liquid
(moisture present at placement, infiltrated moisture, moisture of
decomposition) and gas (air present at placement, gases of
decomposition). Hydraulic, physical, chemical and microbial
processes occur in this heterogeneous environment. Moisture is a by
product of these activity. But this constitutes a small part of
leachate. Leachates are formed mainly by the action of water
passing through a landfill. This may be rain water or flood water.
Leachates are typically heavily polluted with organic and inorganic
material and hence may pose a severe pollution threat to ground and

surface water.

Collection of leachate
Leachate is the water coming out of a deposit of solid waste.
Actually, leachate must be collected from the bottom of a
land-fill. In the sanitary landfill process, trenches are provided
at the bottom of each cell and leachate are collected at the end of
graded trenches. In the absence of sanitary landfill in Dhaka, it
is very much complicated to collect leachate. Actually polluted
moisture are produced in solid waste before the dumping of refuge
at the site. Neglecting the time gap between the garbage deposition
at site and garbage deposition at truck just prior to unloading,
moisture droplet coming out of the refuge at truck can be treated
as most representative sample, given the unfavorable condition

prevailing at Dhaka.
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Test Result and Analysis:

Test results are presented in Table 6.12.

Table 6.12 Leachate characteristics of Dhaka solid waste

II Parameter (mg/l) I Typical I Range
!

pH 4.75 4.5 to 5.75

Total solid 16000 13000 to 30000

Chloride 1400 1300 to 5000

Nitrate 50 o to 200

Phosphate 5 0 to 15

BOD 9000 5000 to 15000

COD 14000 5000 to 17000

Note Based on 5 tests

It is clear from the analysis that the leachate is acidic with very
high BOD and COD load (9000 and 14000 mg/l respectively). It is
rich in nitrate and phosphate (50 and 5 mg/l respectively), so that
it can accelerate the growth of micro organism. Whenever this
highly polluted leachate got entrapped in lagoons with the surface
wash, it poses a high degree of pollution threat to ground as well
as surface water and subsequent health hazard.
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Typical leachate composition are reported in Table 2.13.

.
Parameters aqe of the refuse

<2 years old >10 years old

pH 5.0--6.5 6.5--7.5

BOD 4000--30000 <100

COD 10000--60000 50--500

Total Solids 8000--50000 1000--3000

Total N 100--1000 <100

Phosphate 5--100 <5

Chloride 500--2000 100--500

TABLE 6 13 Typical Leachate Composition

Source: Crawford & Smith, 1985

It is clear from the table 6.13 that leachate characteristics of
Dhaka city solid waste is lie well within the international range.

6.4.4 Surface Wash from Slum Areas

As indicated in Art 3.4.2, 13% of authorized slum dwellers defecate
in open spaces (Table 3.7) and 100% of unauthorized slum dwellers
defecate in open space (Plate 3.9). To assess the polluting effect
of these wastes on surface water quality, tests were performed on
surface wash from slum area. The results of the _t_e.~ts_perfo~med
during January and February, 1992 are presented in Table 6.14.
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45

55

20

120

6

0.2

4.0

6.75

420

1600

0.34

40

5

0.3

150

12

35

320

79.2

0.52

1120

4

26

91

85.8

7.00 6.95 7.05
1.0 0.3

120 150

500 500

3

42

49

96.8

3400 1400

0.85 0.68

1540 525

25

10

20

2

0.0

140

6.45

14.0

0.47

2600

1630

70

1

0.2

100

6.75

480

0.76

1480

(mg/l) 14.5

(mg/l) 105

(mg/l) 75

Unit

(mg/l)

(mg/l)

(mg/l)

(mg/l)

(NTU)

(mg/l)

Legend: 1. Aga Sadek Road Sweeper colony
2. Mugdapara
3. Bara bagh Monipur (Mirpur)
4. Mirpur section 7 Jilpara
5. Kilkhat Namapara (cantonment)
6. Katabon

-----------------------------------------------------------------Cl

NO,

Alkalinity

pH

Fe

Color
Turbidity

Cu

COD
BODs
--------------------------------------------------------------
----------------------------------------------------------------
Parameter

Table 6.14 Water quality of slum area drains

From table 6.14, it is clear that slum area surface wash contains
very high BOD and COD. As these water will create the major surface
water pollution of lagoon water, test results reveals that the
situation is alarming.

6.4.5 Canal, Lake and River Water Quality

The canals are the carrier of polluted water towards river, lakes
and newly formed lagoons. Hence, their water quality were tested.
The results can be found in Table 6.15. In this table, results of
the tests done by the author are placed along with test data of
other sources to make clear comparison.
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Table 6.15 Dry season water quality.

Location E~~~~~&
p~~ r~n/1\ 9~n"\ BOD _~\ 7~~1l\ FC

~~U:7~, ~.~~H~- ~.~- ~.1- -~.~- N.D
Chandni-
ghat ~gg~F~~k~.~- 185- ~.g- ~.~- N.D. N.D
WASA ?iii;
intake ~ggqM~::;k ~.~- 233- ~.~- ~.&- N.D. N.D
in Buri- 'ii;'7
g""nga Jan-Feb, 7.1 285 3.6 9.8 64 1.2
r1ver W~~, ~n5

Jan,1992 7.3 276 4.2 15.6 112 N.D

Hazari- ~~~,1988 ~.~-H~- ~.~- N.D. N.D. N.D
bagh,Buri- 199aF~gk ~.~-~2~ ~.~- t.~ N.D. N.D
gangariver ~~~d992 ~.~-n~Q ~'2- ~2g ~~g N.D

Sutra- Jan-Feb, 6.6 934 Nil 220 812 3.6
~ur Iron .Hfk' ~n'
ridge,-Dholai Janh1992

6.5 11576 Nil 630 1870 N.D
Khal Aut or
Kamala- Jan-Feb, 6.7 1975 Nil 348 982 8.0
~ur, 1991,

X

~;gunba- JICA
10'

!~~~a
Begun- Jan-Feb, 6.6 634 Nil 400 1334 8.4
bari .W~~, ~n5
khal atRampura ~~~P'f~6? ND 626 0.9 111 212 N.D

i~~(,~~926.5 828 Nil 338 1618 N.D

Dhan- ~~{~:7~, ~.~-~~~- ~.g- ~.~- ~.~- N.D
mondi
Lake i~~(,~~926:8 230 3.3 3.8 65 N.D

Gulshan Jan-Feb, 7.0 228 3.2 4.8 76 5. 1
lake ~~~~, ~n3

~~n;;7~,l.t- ~~g- ~.~- ~.~- ~.~- N.D
Ramnalake Jan Feb, 6.8 186 3.2 3.7 83 1.2

W~~, ~n4

Jan 6.9 202 3.1 4.0 75 N.D
199~ ,r

Pagla * ~g2qM:;~b ~.~-H; ~.~- ~.~- N.D. N.D

Balu Jan-MarE 7.2- 175- 5.0- 0.9- N.D. N.D
river 1989 DO 7.4 223 7.4 2.4
nearTongi Jan Feb, 7.0 277 3.4 0.4 353 3.2

~~~rr ~~~~' ~n4

(*) = Pagla, WAS A sewage effluent in Buriganga river
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From table 6.15, it can easily understood that the water quality of
Dhanmondi and Ramna lake is seriously degraded over a span of last
10 years (1973 to 1992). DO of Dhanmondi and Ramna lake reduced
from 6.0 to 3.3 mg/l and 4.8 to 3.1 mg/l respectively. Other
parameters are also changed in the same manner. These lake water
deteriorated as they are linked the canal systems. Hence, it can be
concluded that the canal systems carries highly polluted water,
which can also be proved from table 6.15. [ Segunbagicha, Dholai
and Begunbari khals contains zero DO]. After the construction of
GDCFPW, when all fluid exit will be cut, these khalswill discharge
into lagoons. Hence, it can be conferred that the lagoon water
quality will be very low.

6.4.6 Quality of Lagoon Water

The water quality of the lagoons are given in table 6.16. It may be
noted here that tests were performed with waters of 2 lagoons
namely one adjacent to Dhigun khal and the other near Khallaynpur
khal (Fig. 4.3) The rest 3 lagoons are yet to form.

Source: Based on 5 tests conducted between Sept.,91 to Jan.,92

Table 6.16 Laqoon water quality

I Parameters I Typical I Range I
pH 6.9 6.5 to 7.5

Total Solids 280 250 to 325

Chloride 15 o to 35

Nitrate 45 10 to 80

Phosphate 10 0 to 20

BOD 50 40 to 150

COD 100 60 to 1500

From the table, it can be seen that the lagoon water is polluted
all though not in alarming degree. But it have to be noted that
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total GDCFPW is not yet functioning. The water quality may
deteriorate further within couples of years. From table 7.10, it
can be seen that the lake water quality is deteriorating as they
are linked with canal system. Hence, lagoon water quality will
certainly degrade as canal systems will discharge into these
lagoons.

6.5 Concluding Remarks

From the present study, it is understood that before the
construction of the flood protection works, the canal water were
highly polluted because of sewage overflow from sewer leakage and
manholes, leachate runoff from solid waste, raw sewage from vast
slum area and other waste usually discharged into the canals.
Before the construction of the structures around Dhaka city, these
canal water discharge into the surrounding rivers, causing river
water pollution. But after the construction of GDCFPW with only
limi ted outlets through sluice gates or pumps, accumulation of
canal water containing domestic and other wastes into the water
bodies inside the embankment occurs. This will severely deteriorate
the surface, river and ground water quality. Again, the rapid in
migration of slum people towards the protected area will further
degrade the canal water and hence all water resources. So, it may
be generally suggested that the present domestic waste disposal
system should be controlled at the source by improving service
practice.
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CHAPTER 7
RECOMMENDATIONS AND CONCLUSION

7.1 Introduction

In the previous chapters the impact of Greater Dhaka City Flood
Protection Works on environment in general and on domestic waste
disposal in particular are elaborated. To make the proper
functioning of the GDCFPW project, certain measures have to be
taken to improve the sewerage system, the solid waste management,
the slums and squatters, the canal and storm sewage system and
other waste management. This is a necessary, because unless the
incoming of polluted water into the lagoons or other low lying
areas can not be stopped, the surface water, ground water and river
water pollution will increase with time. Therefore, the only way to
reduce the adverse impacts of GDCFPW on domestic waste disposal
system is to improve the various services and management practices.
In this chapter, details recommendations are provided to solve the
problems identified in chapter 3 and chapter 4.

7.2 Recommendations

7.2.1 Sewage system

Future strategies for sanitary improvements of Dhaka must be made
with consideration of the overall picture of existing systems, and
planned expansion based upon future need and affordability. The
following recommendations are made on the basis of the problems
identified in Art.3.2.3.

1) Policy: A clear and co-ordinated policy with time-bound goals
should be provided to combine all ongoing and proposed projects. A
new Master Plan for sewerage and drainage should be developed for
Dhaka city which updates the 1960 Master Plan. Preparation of
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Master Plan should be done in co-ordination with all agencies
involved with development. The extension or development programs
should be phased to meet urgent needs. Public opinion and feedback
of current projects should also be included.

2) Co-ordination: There should have a co-ordination among all
development agencies. New high rise buildings should only be
permitted to construct when the added load can be carried by
existing sewerage system.

3) Improve Service Beneficiary: It is a compulsory need to include
those people into the DWASA service, who now deprives off with the
service. To improve the situation immediately, this people who
forms about 40% of city population (Fig.3.1), can be provided with
low cost sanitation. This include (a) use of pit latrines in place
of katcha latrines (b) phase out of bucket latrines (c) Prevent
open defecation (d) construction of Public toilet etc.

4) Maintenance: To provide the maximum capacity for waste water
conveyance, the infiltration should be reduced to a minimum. For
that, good workmanship and use of good material is essential.
Manholes and pump stations should be kept in good condition to
prevent overflow of sewage off the manhole. To prevent sewer
blockage, sewers should be inspected regularly and cleaned if

required.

5) Availability of Data: For abundant availability of data, a
thorough survey is required. A survey should be undertaken to know
the existing sewers. This include (a) determination of sewer and
manhole location, elevation, sewer size and gradient and (b) flow
measurement for all trunk sewers. A consumer survey should also be
undertaken. This include (a) source of water, (b) water consumption
and (c) type of sewerage service. A pollution survey can also be
undertaken. This include (a) overflow and (b) impact on open water
bodies. These data will help optimizing the use of existing
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infrastructure and help planning a long term projec,t.

6) Flow capacity: There is a need for the sewer and treatment
capacity to be expanded, particularly for those areas with heavy
concentration of developments. Till then, the efficiency of
existing system must be improved in order to prevent overflowing.

7) Improved Sanitation: To prevent the unhygienic practice by the
ci ty dwellers, mass awareness project should be taken. poster,
leaflet, electronic media and periodicals can make a good
contribution in this regard. All illegal connection should be
detected and punitive legal action should be taken against them.
This will act as an example for others.

8) Public toilet: Public Toilet should be constructed more to
provide facility for general people. Since, these toilets also help
slum dwellers, some of them should be constructed in the vicinity

of slum areas.

9) Septic tank: There is a need to either introduce effective
regulation to prevent the unauthorized dumping of, septic wastes
into the drains and low lands or to provide a service to collect
the septic waste and carry to pagla treatment plan. The small bored
sewerage system can be employed for the disposal of septic tank
effluent. This will be less costly compared to conventional

sewerage system.

10) Water quality Monitoring: There should be a program to monitor
the surface and ground water qualities in and around Dhaka to (a)
evaluate the water quality (b) provide early identification of
increase in pollution levels and (c) provide general people about
the water quality. To implement this program, the laboratory
facilities of DWASA must be upgraded along with the staff training.
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11) Legislation: There is a need both to improve the environmental
legislation and to adopt a pollution control standards to make such
legislation effective. These should be reviewed and updated

periodically.

12) Public Awareness: A public awareness program for promotion of
sanitation should be started with providing up-to-date information
on water quality and pollution. This should involve public media,
NGOs, health service and woman's organization to reach out to all

levels of the community.
Electronic media can play better role in this regard over other
media, because about 75% of our population can not read. Although
TV is a stronger media, creating sharp impact over public opinion,
it is not accessible by all people. Radio is accessible for almost
100% population. Hence, radio can playa vital role in this public

awareness program.

7.2.2 Solid waste management

The present state of the solid waste collection and disposal system
can be summarized as follows:
1) Current management practices lack efficient use of labor and
vehicles, resulting poor collection, transportation and disposal.
2) Many unhygienic practices are carried out.
3) Current practice lacks policy, management, co-ordination and
reinforcement with legal support.
4) Solid waste is land filled in a manner by which surface and
sub-surface water may get contaminated.
5) Lack of appropriate knowledge of worker and public as a whole.

In the absence of
1) Change and improvement in management practice,
2) The imposition and enforcement of rules and regulation,
3) Proper training to worker as well as public,
4) Proper collection, transportation, disposal principal and
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practice,
solid waste may pose a treat to personal health, the quality of
life and future development of the city.

The following are recommended measures necessary to address these
problems, which are based on the problems listed in Art.3.3.3.

i) Complete Collection: Complete collection can be ensured with
the increase of vehicles and staff. Strict supervision is also
required so that all trucks are completely filled when they reach
landfill site.
The provision of hand carts, brooms and baskets should be
increased. But improvement of transport system is most important.
DCC now maintenances 5,3,2 and 1.5 Ton vehicles of different make.
This variation poses problems in maintenance. It is desirable to go
for two types of vehicles -- 5 & 3 Ton of same make so that spares
can be interchanged, less variety of spares can be imported and can
be maintained by same technicians. This will help to obtain a
higher out term of vehicles.
Vehicles should have low loading height for quick loading and
should be of tipping type for quick unloading. Hence, a large
number of trips can be made per day.
There should be some intermediate collection center. Then the
vehicles need not travel to final disposal site. Once it is filled,
it can be come back again to work after unloading at intermediate
point.

landfill sites will be
A very good method is

of garbage, the
of commencing.

ii) Efficient collection practice: Instead of the existing
vehicles, the roll-on roll-off system can be prove more economical
in long run. Container will be placed on ground to serve as refuse
bin which will be later lifted on truck. In this system time
required to fill the truck will be much reduced as the container
itself works as dustbin.
With the increasing volume
filled within a per years
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compaction to reduce volume by hydraulic press. But this method

may not work out in Dhaka due to
the waste generally has a high density because of high

percentage of organic matter.
__ the 'press' system needs technical know-how.
__ it is energy intensive method.
Another system can be suggested to have a large fill site outside
the city and transport of waste their by railway system to reduce

cost of transport.
To reduce the time of loading in a truck, DeC can give paper or
plastic bags to the individual household. people will put their
wastes in that bag and dump them in bins. So that conservancy works
will collect the bags and put them on the truck.
Another method can be used which is now done in Yangon, Myanmar
(Bhide, 1990). In this method, a sweeper with a land cart will move
with a bell ringing aloud. On hearing this, waste of individual
household will be brought and deposited in these hand carts.

iii) Hygienic practice conservancy worker should wear hand
gloves, proper clothing, gum boots and nose masks when loading and
unloading partially decomposed wastes. The bag collection method
described earlier can ensure hygienic condition to the workers as
well as of the bins and collection centers.
Proper designing of bins are very important. All the bins should
have concrete pad at the bottom to prevent leachate leakage. The
area adjacent to the bins must be kept clear to attract people to
use bins. Bins should be washed with bleaching powder with

reasonable interval.
Transport timing of trucks should be fixed at late night to prevent
nuisance. Although some closed trucks are used presently, the
shutters are observed to stop working because of high humidity and
moisture make them corroded in a short time. An alternative low
cost arrangement is to cover the truck by tarpaulin during the
movement of the vehicles as used in Delhi, India (Bhide, 1990).
Unofficial recycling system presently practical by scavengers
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called "Tokai" is not hygienic. This system can be improved by
little afford. Individual household will segregate the wastes and
there will be three bins along the roadside with red, yellow and
green mark. People will dump organic waste to green bin, hazardous
waste to red bin and recyclable wastes like paper, cloth, metal,
plastic, glass, container etc. to yellow bins. Then the scavengers
will collect these from yellow bins in a hygienic manner. This
separation at household level not only help the recycle process but
also improve the total management considerably.

iv) Public Awareness: In the existing situation no efforts are made
to involve citizens in ensuring effective collection and disposal
of solid waste. Programs are urgently needed to educate the public
regarding the health related to solid waste. This should have dual
objectives of promoting personal hygiene and protection of the
environment. This can be sought by fully utilizing the electronic
media like TV and Radio, and the newspapers. Schools should include
courses in health care into their curriculum. Advertisements and
signs should inform people about their unhygienic acti vities.
Special program should be taken to educate slum and squatter
dwellers. All these can be achieved by a co-ordination among
Government, DCC and NGOs.

v) Total access to Municipal Collection System: Slums and squatter
dwellers should be provided with the access to Municipal collection
system. All the portions of the city should be served daily.

vi) Disposal to Rivers and Khals: steps should be taken to prevent
disposal of domestic and industrial wastes to rivers and khals.
strong legislative code and their implementation is urgently
required.

vii) Proper Design of Bins: To prevent spread of disease and to
improve the hygienic condition adjacent to bin to attract people
for disposal into bins, some steps should be taken. 'Bins should be
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protected from storm water overflowing from drains. This can be
done by placing corrugated iron bin over a concrete pad and by
putting the opening at high elevation for concrete bins. Bins
should be also protected from rain water. This can achieve by
placing covering. These will minimize formation of leachate and
subsequent storm water pollution. These will also protect the bins
from disease spreading vectors. Aesthetic appearance of the bin is
also important to induce people to use them.

viii) Proper Policy: A good policy demands handful information. A
weight Bridge should be placed to obtain weight of solid waste.
Dee should have appropriate plan and program for waste management
guided by feed back system. Allocation of men and equipments
against the required demand should be made in proper way.
The financial allocation for solid waste management in Dhaka is
only Tk. 26 per person per year which is very low (Bhide, 1990).
Proper waste management plays a very important role in maintaining
a clean environment by preventing transfer of infection and hence
needs higher allocation of funds.
Dee can give some of their responsibility to private corporation.
Here, some private company can be given responsibilities to manage
solid waste of some specific zone of the city.

ix) Penal Action: The municipal acts should be updated with proper
penal provisions for guiding people not to throw garbage, litters
and rubbish into streets, here and there.
Along with the laws for people, legislative policies for the
authority is allow required. This law must include:

standards for 'sanitary' collection and disposal 'of solid waste
Frame work for employees of how work tasks are to be conducted
Types of waste that may be placed in a landfill
Greater accountability by management personal
Minimum qualification of management personal and
Penal actions for failure, negligence or bad performance.
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x) Technical expertise: Solid waste management involves planning
and implementation of a number of engineering works. It is hence
desirable to provide properly trained engineers to manage the
activities as is commonly done in the developed as well as some of
the progressive developing countries. Chief conservancy officer,
(C.C.O) Deputy C.C.O, Asst. C.C.O and all ten Conservancy Officers
(C.O) should be engineers. (Note: Each of ten zone of DCC is
managed by one C.O. for solid waste management).
A training program should be developed for management personnel.
The program should consist of orientation for new' personnel and
periodic attendance at seminar and classes. All senior level staff
should receive advanced training in another developing country,
where they will learn theoretical aspects as well as actual problem
solving. This will be useful to them on their return.

xi) selection and design of landfill site: Selection of potential
sites for future landfill should be based upon the criteria which
will minimize their adverse impact upon adjacent population and
environment. The location, underlying soil condition and the
groundwater hydrology must be critically reviewed for this purpose.
The movement of leachate from landfill, both operating and closed,
should be monitored and necessary actions should be taken in case
of contamination of surface and ground water.
The use of small landfill site must be stopped. The dumping on
private low lying area should also be discouraged.
Closed landfills should be protected from settlement by squatters.
Restrictions should be placed upon immediate use for commercial or
residential development due to excessive settlement and production

of foul gases.
Development of well at adjacent to old or new landfill must be
carefully conducted to prevent health hazard.
To minimize settlement problem, land could be filled to an elevated
level to the adjacent grade and allow for anticipated settlement.
This will provide the added benefit of extending the service life
of the landfill.

173



xii) Proper co-ordination: The effectiveness of the whole solid
waste management program depends on proper co-ordination and

supervision.
Presently the vehicles are housed in a single garage resulting in
vehicles traveling empty before and after serving distant areas. It
is hence desirable to provide additional garage facility at some

other places.
Vehicles, maintenance and cleaning staffs, which are now operated
by three different division, should come under one division for

proper functioning.
A large number of vehicles usually remains unworkable due to
mechanical fault. A good maintenance workshop is very essential to
gear up the conservancy activity of DCC.

xiii) Mixing of different type of solid waste : Presently, solid
wastes from households, hospitals, industries are all collected and
disposed combindly. Industrial solid waste should be collected
separately and should be charged accordingly. Demolition waste
should also be collected and charged separately. Waste from
hospitals should be collected separately and incinerated.

xiv) Alternative deposition technique: The present methodology for
waste disposal or Dhaka city is highly unsatisfactory and should be
replaced by modern methods. The probable technologies of garbage

disposal system are:
a. Disposal system with composter
b. Incineration
c. Sanitary land fill.
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Advantage and Disadvantage

a. Disposal system with composter

Advantage
_ Incorporates the use of composter end product
_ Enhance commercial aspects of DCC.

Disadvantage
_ High cost intensive
_ Require high technology
_ Require maintenance
_ Public unacceptance of garbage end product

b. Incineration

Advantage
_ Full proof burning of garbage
_ Reduces pollution to a maximum

Disadvantage
- Too high technology
- High cost intensive
_ Maintenance cost is high

c. sanitary Landfill

Advantage
_ Very simple technology
_ Convert low lying land to usable and valuable
_ Simple equipments are required
- Labor intensive
- Economic
_ Less skilled personal is required
_ Suitable for rainy and damp weather
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Disadvantage
- Require large area

Selection

From the analysis of solid waste, it is felt that incineration of
the waste will not be viable as
1) A large amount of heat will be needed to evaporate large
moisture content (typical 45%, table 6.9) in the waste.
2) Plastics and paper, which add to the calorific value, are mostly
recycled. (paper: 5.2%, plastic: 0.69%, table 6.4)
3) Fixed Residue is high (typical 64%, table 6.9)

Hence, incineration will become prohibitively costly and cannot be
recommended.

A project proforma ("A refuse composting plant for Dhaka City"
Dhaka Municipal Corporation, 1964) was submitted to Ministry of
LGRD for the construction of a composting plant for Dhaka at a cost
of Tk. 2549 lakh. The proposed site is a 21 acre land near
Jatrabari. The proposed pattern is like fig 7.1.

Food waste 41 compostingl!I-------<compost

Consumption of
fruit and vegetable

Production of vegetable and
other crops

Fruits and vegetable-------~

Fig 7.1 proposed compost pattern (DMC,1964)
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But the Dhaka waste has a nitrogen deficiency (50mg/l, table 5.5),
so composting will be a problem. But with the addition of night
soil from service latrines of septic tank can overcome this
problem. But investment should not be done when the sale of the
product cannot be assumed. As this plant involve a large capital
expenditure and high running cost, the conventional composter can
not be recommended.

It is hence felt that the most appropriate method is sanitary
landfill. But some points should be noted in using this.
1. The bottom and sides of the fill should be provided with at
least 15 to 30 cm of thick layer of inert material to reduce the
pollution of ground water by leachate.
2. The deposited waste should be covered with soil at every three
months.
3. The final earth cover should be at least 30 cm.
4. No shallow tubewells be allowed to operate for drinking water
purpose at surrounding areas.

Now DCC has a proposal to built a sanitary land fill at Matuail
over 72 acre land. It can be recommended that another landfill site
can be used at east of Baridhara, near Basundhara housing society.

7.2.3 Slum development

It is clear that to improve the health condition, the immediate
environment and the living standard, slum development is essential.
It is also very important for effecting operation of GDCFPW.
Immediate funding must be arranged and action must be started. Here
are some recommendations to be taken up in phased programs. The
action necessary for GDCFPW are marked with asterisk(*).
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Short Term Measure

These should be pilot project. These may be completed within 6
months. Development project area in this phase will be the slums
located near the city centers like Lalbagh, Mohammadpur, Dhanmondi,
Mirpur etc. DCC can take the responsibility for in- situ

development.

1) A national policy on urban development and poverty alleviation
must be prepared and adopted. It is recommended that the report of
the "Task Force on social Implications of Urban poverty, Feb. 1991"
can be used as a basis for this.
2) Proper co-ordination among different development agencies must

be ensured.
3) DCC must set up a slum Improvement cell without delay.
4) Immediate beginning of LGEB/UNICEF SIP program.
5)(*) Additional provision to complete and expand LGEB/UNICEF SIP
program to cover all slums within Dhaka area.
6(*) If all area can not be included in SIP, low cost sanitation
and water supply service must be extended on an urgent and priority

basis.
7)(*) Solid waste collection service must be extended to all areas
within Dhaka city. Alternatively, local sanitary methods of solid
waste disposal like composting or burying can be adopted.
8)(*) Comprehensive public awareness program should be started for
basic sanitation. people must be instructed to use safe water, not
to use water from ponds, lagoons and stream, not to dispose solid
waste on low lying areas or khals, not to defecate on water body or

drains etc.

Medium Term Measures:

Medium term measures can be adopted fruitfully with the experience
of short term measure. These can be implemented by 1995. DCC should
be given responsibility in this phase along with other government
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agencies. Along with in-situ basic service development, this phase
also includes some relocation of slum. These can be shifted from
their present place to some other suitable place within the city,
to periphery of the city and to outskirts of the ci'ty.

Long Term Measures

It includes the total environmental and physical development
covering every slums of Dhaka. These can be implemented by the year
2000. Under this scheme every slum should be provided with good
housing, water supply, sanitation, gas supply, electricity,
educations, health care, family planning and entertainment. RAJUK
and DCC can take the responsibility in this phase along with NGOs.

1) A physical planning and land use control legislation should be
introduced. It can recommended that the previously prepared draft
"Physical planning (land use) and Development Control Ordinance
(UDD/UNCHS, 1985)" can be reviewed and adopted.

2)(*) A broad base review of government land ownership and present
needs should be done. It must include all government lands, their
present use and future projected needs. Based on this inventory,
policy should be taken for maximum utilization of lands like
converting lands for public use, for low income residential use or
for keeping them empty for proper drainage.

3) A system should be introduce for repatriation of willing slum
people to their own villages. They must be rehabilitated at their
places by district authority.

4) Effective "Commuter" transport service must be introduce to
discourage concentration at city center. Good local railway and bus
service should be introduced.

5) Labor intensive industry like garments should be shifted to
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suburb area.

6) Housing society can be ordered to invest at least 10% of their
capital for construction of low income housing with "no profit, no

loss" basis.

7.2.4 storm sewage

To improve the drainage problem, here are some recommendations,
based on the problems marked in the Art.3.5.3.

i) policy _ A clear policy must be prepared and adopted, in which
clear statement must be included prohibiting canal filling or low
land filling for housing.

2) Co-ordination - steps should be taken for better co-ordination.
Before permitting any construction, the party must produce a No
objection from DWASA stating that the new construction will not
create drainage congestion. Directorate of Industries and DCC must
co-ordinate with DWASA for preventing industrial waste and
municipal garbage to come into the sewer line and drainage canals.
Every thing related to storm sewer and drainage must be dealt with

DWASA.

3) Legislation - Clear legislation should be prepared and practiced
for better control over drainage system. Illegal connection of
industrial and municipal wastes into storm sewer must be detected
and penalized. Actually, it is impossible to detect all of these
connections. But if stern action is taken on those, whose illegal
connection are detected, then others will disconnect their
connection. Similar action should be taken for garbage disposal in

canals.

4) Pump house - After completion of GDCFPW, there will be Eight
pump stations all together - Five of GDCFPW, existing old Narinda,

180



under construction New Narinda and Kallaynpur. Actually some more
pump station will be required for proper drainage.

5) Drainage canals - Regular inspection, dredging, and improvement
works are essential to maintain flow in drainage canals. If
possible, the portion of khals running through the city centers
should be provided with box culvert. The peripheral open channel
should be provided with bank lining.

6) Pipe drainage system - More storm sewer should be installed for
proper management. Moreover, the maintenance is very important for
the existing storm sewers.

7) Public awareness - This is a problem must be taken care by
social workers. Wide publicity in media in addition to personal
contact by social workers with the inmates of slums is required.
They have to make understand that the use of polluted water for
domestic washing or even bathing can cause various diseases.

7.2.5 Others

Industrial waste

Here are the recommendations to improve the industrial waste
management, based on the problems identified in Art. 4.2.3.

1) Policy: A clear national environmental policy to deal with all
sorts of environmental issues must be prepared and adopted. It must
define the role of several government agencies. It should also
contain a time frame for phased remedy for the solution.

2) Institutional Responsibility: A single department, preferably
the DOE, should be designated as the manager of the environmental
programs in the country. This body also provided with
responsibility to train professionals and to make public awareness.
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3) Legislation: The Draft legislation of 1989 should be promulgated
without delay with some updating. This also include waste
minimization, toxicity reduction, handling, collection and
transport, storage, remediation of existing contamination and
occupational health and safety.

4) standard: The DEQS of 1988 should be adopted without delay with
some updating. This standards are based as a review of standards of
other countries, not based on a clear understanding of potential
impacts on environmental conditions in Bangladesh. Local effects
must be incorporated in preparing the final standards.

5) Permission to Industries: A national permitting program should
be established and the final permission must come from DOE.
Environmental Impact Assessment (EIA) should be made essential for
permi tting process. The EIA is intended to uncover potential
adverse impacts on the environment so that the benefit of the
project can be compared relative to the environmental impact.

6) Monitoring: A comprehensive monitoring and inspection program
must be initiated as quickly as possible. It can be divided into
two parts. A self monitoring and reporting by individual industries
and inspection monitoring by DOE. Monitoring include air, soil,
ground and surface water, raw materials, effluent etc. And a data
base should be established to contain all monitored data.

7) Water Quality: Some measures should be taken at pagla Treatment
plant to handle the industrial waste. To reduce the potential
hazards of open discharge some local but combine pre- treatment
should be established. Government should provide money to establish
a local pre-treatment plant which will collect effluent of all
local industries and after certain pre-treatment for chemical and
toxic waste they will discharge into canal system like now. All
industries will repay the money back with some installment. Again,
reduced rate of interest on loan for adoption of water pollution
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control measure in proposed industries may be offered. The
industrial solid waste now dumped on roadside, can be collected by
Dee separately and bury them separately.

Agricultural waste

Here are the recommendations to improve the agricultural waste
management, based on the problems identified in Art. 4.3.3.

1) Proper planning and implementation of irrigation and use of
fertilizer and insecticides so that optimum amount of fertilizer
and insecticides can be applied and then with optimum irrigation
little amount of chemicals can come into contact with river water.
Use of inorganic fertilizer should be recommended.

2) Supplemental irrigation with controlled flooding will ensure
proper cropping as well as it reduce the peak flood level outside

the project area.

3) With controlled flooding and use of irrigation methods more land
can brought under cultivation. storage of water in post monsoon can
solve for the water for irrigation in winter seasons.

4) provision of pump drainage in addition to rehabilitation of
existing canal system will improve drainage condition. Improved
design of irrigation will prevent formation of pools or stagnant

water.

Land use management

Here are some recommended actions to be taken up to address the
problems described in Art. 4.4.3.:

1) An up-to-date Master Plan and structure plan should be taken up
for long term guidance and planning for development of the city.
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Fortunately, one such project
assistance. Upon completion, this

is on-going under UNDP/UNCHS
must be followed properly.

2) A national urban development policy should be prepared for
effective development and alleviation of urban poverty. The Report
of the Task Force on Social implications of Urban Poverty by
Planning Commission, Feb. 1991 can be used as a basis for this.

3) A land use control legislation for effective control of land use
and development must be approved and abide by. It can pointed that
the previously prepared draft "Physical Planning (Land use) and
Development Control Ordinance (UDD/UNCHS, 1985)" can be reviewed,
updated and adopted.

4) To ensure better co-ordination among all development agencies,
a formal development review body should be made with RAJUK, DCC,
DWASA, DOE etc. Their main duty will be approval of all new
development and planning of development and expansions.

5) To utilize vacant lands, a detailed inventory of all Government
owned lands in Dhaka city should be prepared. These should be
accompanied with present use, future projected use and needs. Based
on this inventory, some strategy can be adopted for maximizing the
use of vacant and under utilized lands.

6) A development surcharge for all new developments and changes in
land use should be imposed for financing the essential public
infrastructures, service, and amenities like parks etc. These
should be reasonable and incorporate through legislation.

7) A long term plan should be developed for low income housing
provisions. Since, these projects will not yield much profit,
private companies may reluctant to do so. Hence, RAJUK and co-
operatives must come forward to do this.
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8) Slum development is essential for every development. This is the

most important point.

9) Basic sanitation for poor people should be ensured.

10) To stop the filling of drains, khals and ponds, a surface water
management system along with a legislation must be adopted.

11) protection against low
incorporated in the policy and

lying land
legislation.

filling should be

12) concentration of person should be avoided by providing planned
scattered residential areas.

13) Proper road way must be ensured during expansion and

development.

14) A provision must be reserved for park lands and public open

spaces.

15) A land use standards must be developed along with development
standards and control mechanism. This must include standards for
maximum development densities, minimum park and open space
provisions and provisions for low income housing areas.

crest
can be

on minimum road
control measuresuse management flood

includes standards
elevations, up-grading of community elevation, elevation of plinth
level etc. construction of permanent structure should be prohibited
below some established levels.

16) Some land
established. It

7.3 Conclusion

The various recommendations made in the Art. 7.2 can be summarized
into these key actions.
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1) Policy making - Proper planning with comprehensive knowledge on
overall project is essential. Scheme for gates and pumps operation
to provide, optimal protection of the people, property and dike
system itself; master plan for slum development; national policy on
land use; project for safe water supply; sanitation and garbage
collection facilities to all people; good industrial policy etc.
are the major policies that should be prepared and adopted.

2) Implementation - All the projects incorporated in the policies
must be implemented properly with a time frame target. Experience
contractor, good materials, strict supervision, quality control and
time schedule are some of the things to be looked after in this
plan.

3) operation and Maintenance - It is the most important thing
during the operation period. The 0 & M is required not only for the
GDCFPW but also for related service where proper operation is
essential for effectiveness of GDCFPW, like water supply, sewerage,
solid waste management,etc .. An adequate 0 & M plan must be
prepared and practiced for the dike system. The overall plan should
include provision for (1) periodic checking on full integrity of
the dike system against failure at time of peak flood (ii) an
environmental monitoring program including periodic field
inspection to check on all of the projects environmental aspects
and thus to obtain feedback information needed for correcting
project deficiencies and for enhancing overall project benefits.

4) Co-ordination - A good coordination is lacking now between
different agencies. It must be ensured among all the concerning
bodies along with the authority of GDCFPW. Proper co-ordination
increases the institutional responsibilities and overall project
efficiencies.

With proper steps to overcome or minimize probleflls, it can be
expected that GDCFPW may become a very beneficiary project.
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7.4 Scope of future study

In the present study, the impact of Greater Dhaka City Flood
Protection Works on environment is elaborated with specific
reference to domestic waste disposal system. In this study impact
of GDCFPW on industrial waste and agricultural waste disposal are
briefly discussed. These two studies can be full-fledged studies.
Again, impact on city drainage system can be studied separately as
one can see, after the completion of GDCFPW, five pumps and five
sluice gates will replace the natural canal system outlet. A slight
disturbance in the proper operation of gates and pumps will force
the city people experience flooding. The location of the five pump
station in the present plan can be reviewed thoroughly to determine
whether these locations are appropriate or not. The alternative
approaches with different number of pump and different location can

be studied.

Economic analysis of many alternative recommendation of the present
study can create new scope of future studies. Numerous alternative
recommendations are suggested here. With proper economic analysis,
the most suitable suggestion can be defined.

Regarding the in-migration of rural people towards protected area
it is anticipated that this migration rate will be high especially
from adjacent areas due to the expected flood free life. A detail
study can be taken up to determine the actual rate of in-migration,
their land use pattern, slum development, impact. on individual
utilities and above all the actual impact of this phenomenon on

GDCFPW.

After getting the feed back of present status,
future planning like, change in operation
maintenance procedure and even change in basic
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ANNEXURE A

Questionnaire

A SURVEY OF SOLID WASTE OF DHAKA CITY
for the study

"Impact Of Greater Dhaka City Flood Protection Works On The
Environment With Specific Reference To Domestic Waste Disposal"

1. Name:
2. Address

_________ kg.

3. Date:
4. Interview Taken By :
5. Number Of Members In The Family
6. Annual Income:
7. Garbage Generated
8. Garbage Generation Per Person
9. Garbage Density:
10. Individual Component

3kg/m
kg.

Components Percentage

Food Waste

Paper

Can

Plastic + Rubber

Glass + Ceramic

Metal + Wood

Textile + Leather

'------
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